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(54) Power unit and electronic equipment comprising the same 
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speed has been increased into electricity, an electrical 
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the generator and a secondary cell (110) for charging 
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Description 

The present invention relates to a structure of a power source section of an electronic equipment and a structure 
thereof as an independent power unit. 
s Hitherto, dry cells typified by a manganese dry cell and an alkali dry eel! are known to be generally used as a power 

unit and a coil type lithium cell is used for a small equipment in particular. 

A generator is a very large equipment and it has been impossible to install in a portable equipment. Even if it is 
downsized, it is difficult to utilize it because it will generate only a small amount of energy which will be used up very soon. 

Accordingly, cells are often used as a power unit of a portable equipment in the past. However, the prior art cell 
io has a problem that its electricity is discharged when it is used. FIG. 80 shows discharge characteristics of a manganese 
dry cell and an alkali dry cell when they are discharged continuously at 10Q. A solid line represents the discharge 
characteristics of the manganese dry cell and a broken line represents that of the alkali dry cell. As shown in the figure, 
a life of the manganese dry cell is about 8 hours and that of the alkali dry cell is about 20 hours. Due to that, there 
arises a problem of disposal after their use. It is posing a very large social problem because a problem of disposal of 
15 waste has been highlighted in these days. On the other hand, a rechargeable battery also has a problem that its 
charging function deteriorates. 

The cell has another problem that when its energy is used up, it causes a trouble when using the equipment in 
emergency for example. It also causes a trouble in using such equipment in countries where there is no such cell. 
Accordingly, there has been a demand for means which allows such equipment to be operated without cell. 
20 Further, with the demand on the portable equipments in these day, there has been a deep-rooted desire of always 

charging full to avoid any risk and it has been necessary to meet such demand. 

Accordingly, it is an object of the present invention to solve the aforementioned problems by providing a power 
unit which features in that: 

25 1) it allows such equipment to be used even if its cell is used up by charging it in a short time; 

2) it allows the cell to be charged without charger; 

3) it enhances a safety; 

4) it causes no problem of disposal; 

5) it allows the cost of the equipment to be lowered and the waste thereof to be avoided because the cell is a 
30 throw-away cell; and 

6) it can meet with the desire of always charging full to avoid any risk. 

In order to solve the aforementioned problems, the present invention adopts the following means: 

35 [i] a power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 

rotary motion; a mechanism (speed-increasing mechanism), in succession to the input mechanism, for increasing 
a speed of the rotation; a mechanism (generator), in succession to the speed-increasing mechanism, for converting 
the rotation whose speed has been increased into electricity; a circuit (control circuit), in succession to the gener- 
ator, for controlling the generated electricity; a battery (secondary cell) repeatedly chargeable and dischargeable, 

40 in succession to the control circuit; and a positive electrode output terminal (Vdd terminal) and a ground electrode 

terminal (GND terminal) in succession to the control circuit; a speed increasing factor in the speed-increasing 
mechanism is set at a value from 50 to 100 times of the input rotation; the electricity generated by the generator 
is a direct current; the control circuit has a rectifier element (series rectifier element) whose anode terminal is 
connected with an output of the generator and whose cathode terminal is connected with the Vdd terminal in series 

45 between the generator and the Vdd output terminal and a rectifier element (parallel rectifier element) whose cathode 

terminal is connected between the generator and the series rectifier element and whose anode terminal is con- 
nected to the GND terminal; and the positive electrode of the secondary cell is connected with the cathode terminal 
of the series rectifier element and the negative electrode of the secondary cell is connected with the GND terminal. 
[2] In the means, a reverse withstand voltage of the parallel rectifier element is 1.8 ± 0.15 v. 

50 [3] in the means 1 and 2, at least one of the series rectifier element and the parallel element is composed of a 

MOS transistor. 

[4] In the means, the series rectifier element has a constant -voltage outputting mechanism comprising a reference 
voltage section, an error amplifying circuit, an output voltage feedback resistor, a MOS transistor in which a tran- 
sistor substrate (Sub) is floating and a GND terminal. 
55 [5] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 

rotary motion; a mechanism (storing mechanism), in succession to the input mechanism, for storing the kinetic 
energy; a mechanism (speed-increasing mechanism), in succession to the storing mechanism, for increasing a 
speed of the rotation released out of the storing mechanism; a mechanism (speed-regulating mechanism), suc- 
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cession to the speed-increasing mechanism, for braking the rotation to regulate a speed of the rotation; a mech- 
anism (generator), in succession to the speed-increasing mechanism, for converting the rotation whose speed has 
been increased into electricity; a circuit (control circuit), in succession to the generator, for controlling the generated 
electricity: and a positive electrode output terminal (Vdd terminal) and a ground electrode terminal (GND terminal) 
5 in succession to the control circuit; the generator is constructed so as to generate the electricity by having field 

magnetons, magnetized into a plurality of poles, which rotate and move on the both sides of an armature comprising 
wire layered coil elements formed on a semiconductor substrate via an insulating film. 

[6] In the means 5, the control circuit has a function of electrically controlling the speed-regulating mechanism 
corresponding to a voltage of the output Vdd terminal. 
w [7] In the means 5, it further comprises a battery (secondary cell) repeatedly chargeable/dischargeable in succes- 

sion to the control circuit. 

[8] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 
rotary motion; a mechanism (storing mechanism), in succession to the input mechanism, for storing the kinetic 
energy; a mechanism (speed-increasing mechanism), in succession to the storing mechanism, for increasing a 

is speed of the rotation released out of the storing mechanism; a mechanism (speed-changing mechanism), in suc- 

cession to the speed-increasing mechanism, for changing a speed multiplying factor; a mechanism (generator), 
in succession to the speed-increasing mechanism, tor converting the rotation whose speed has been changed 
into electricity; a circuit (control circuit), in succession to the generator, for controlling the generated electricity; and 
a positive electrode output terminal (Vdd terminal) and a ground electrode terminal (GND terminal) in succession 

20 to the control circuit; the control circuit is constructed so as to have a function of electrically controlling the speed- 

changing mechanism corresponding to a voltage of the output Vdd terminal. I 

[9] In the means 8, it further comprises a battery (secondary cell) repeatedly chargeable/dischargeable in succes- 
sion to the control circuit. 

[10] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 
2S rotary motion; a mechanism (storing mechanism), in succession to the input mechanism, for storing the kinetic 

energy; a mechanism (speed-increasing mechanism), in succession to the storing mechanism, for increasing a 
speed of the rotation released out of the storing mechanism; a mechanism (speed-changing mechanism), in suc- 
cession to the speed-increasing mechanism, for changing a speed multiplying factor; a mechanism (generator), 
in succession to the speed-increasing mechanism, for converting the rotation whose speed has been changed 
30 into electricity; a circuit (control circuit), in succession to the generator, for controlling the generated electricity; and 

a positive electrode output terminal (Vdd terminal) and a ground electrode terminal (GND terminal) in succession 
to the control circuit; the generator is constructed so as to generate the electricity by having field magnetons which 
are magnetized (excited) when a current (field current) flows through them and an armature comprising at least 
three coils connected in Y connection and by rotating and moving the field magnetons relative to the armature; 
35 and the control circuit is constructed so as to have a function of controlling the field current corresponding to a 

voltage of the output terminal Vdd. 

[11] In the means 10, it further comprises a battery (secondary cell) repeatedly chargeable/dischargeable in suc- 
cession to the control circuit. 

[1 2] In the means 1 0 or 1 1 , the generator has a function of controlling the speed-changing mechanism correspond- 
40 ing to the field current. 

[13] In the means 10 or 11, the control circuit has a function of electrically controlling the speed-changing mech- 
anism corresponding to a voltage of the output Vdd terminal. 

[14] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 
rotary motion; a mechanism (storing mechanism), in succession to the input mechanism, for storing the kinetic 

45 energy; a mechanism (speed-increasing mechanism), in succession to the storing mechanism, for increasing a 

speed of the rotation released out of the storing mechanism; a mechanism (speed-regulating mechanism), in suc- 
cession to the speed-increasing mechanism, for braking the rotation to regulate a speed of the rotation; a mech- 
anism (generator), in succession to the speed-increasing mechanism, for converting the rotation whose speed has 
been changed into electricity; a circuit (control circuit), in succession to the generator, for controlling the generated 

so electricity; and a positive electrode output terminal (Vdd terminal) and a ground electrode terminal (GND terminal) 

in succession to the control circuit; the generator is constructed so as to generate the electricity by having field 
magnetons which are magnetized (excited) when a current (field current) flows through them and an armature 
comprising at least three coils connected in Y connection and by rotating and moving the field magnetons relative 
to the armature; and the control circuit is constructed so as to have a function of controlling the field current cor- 

55 responding to a voltage of the output terminal Vdd. 

[15] In the means 14, it further comprises a battery 

(secondary cell) repeatedly chargeable/dischargeable in succession to the control circuit. 

[16] In the means 14 or 15, the generator has a function of controlling the speed-regulating mechanism corre- 
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sponding to the field current. 

[17] In the means 14 or 15, the control circuit has a function of electrically controlling the speed-regulating mech- 
anism corresponding to a voltage of the output Vdd terminal. 

[18] In the means 5 through 17, it comprises an antenna; a radio receiving circuit; hand type time indicating mech- 
s anism; a mechanism for detecting positions of the hands; and a mechanism for correcting the positions of the 

hands corresponding to a time signal from the radio after an electrical output is output from the Vdd output terminal. 

[19] In the means 7, 9, 11 or 15, it further comprises a light receiving section or a radio receiving section and a 

device (light/radio-to-electricity transducer) for transducing light or radio into an electricity; and the control circuit 

has a function of controlling the light/radio-to-electricity transducer and a function of charging the transduced elec- 
io tricity to the secondary cell. 

[20] In the means 10 through 17, the control circuit has a device for rectifying the generated electricity and a 

rectifying element which composes the rectifier device is a MOS transistor. 

[21 1 In the means 10 through 17, the field current control is pulse width modulation. 

(22) In the means 10 through 17, the field current control is frequency modulation. 
15 [23) In the means 1 2 and 1 6, the plane where the field magneton faces to the armature has an angle from 15. to 45. . 

[24) in the means 12 and 16, wherein the speed-changing mechanism or the speed-regulating mechanism has a 

hysteresis in the speed increasing/decreasing operation. 

[25] In the means 5 through 17, the field magneton has an inertia wheel (flywheel) which turns coaxially with the 
rotor shaft 

20 [26] In the means 7. 9. 11, 15 and 19, the control circuit has a switching function for outputting power output from 

the secondaiy cell to the Vdd output terminal corresponding to a voltage of the Vdd output terminal. 
[27] In the means 7, 9, 11, 15 and 19, the control circuit controls the speed-changing mechanism or the speed- 
regulating mechanism by having a hysteresis in increasing/decreasing the speed and controls the hysteresis to 
be varied corresponding to a voltage of the secondary cell. 

25 [28] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 

rotary motion: a mechanism (speed-increasing mechanism), in succession to the input mechanism, for increasing 
a speed of the rotation; a mechanism (generator), in succession to the speed-increasing mechanism, for converting 
the rotation whose speed has been increased/decreased into electricity; a circuit (control circuit), in succession to 
the generator, for controlling the generated electricity; and a positive electrode output terminal (Vdd terminal) and 

30 a ground electrode terminal (GND terminal) in succession to the control circuit; the generator is constructed so as 

to generate the electricity by having an electrode (charged electrode) for applying charges, an electrode (take-out 
electrode) for taking out the charge and a dielectric rotor between the charged electrode and the take-out electrode 
and by rotating the rotor with the rotation whose speed has been increased. 

[29] A power unit characterised by comprising a water storing mechanism (dam) as means for storing potential 
35 energy; a mechanism (water amount regulating mechanism) for regulating an amount of water to be discharged 

from the dam; a mechanism (water turbine) for converting the flow of the discharged water into a rotary motion; a 
mechanism (generator), in succession to the water turbine, for converting the rotation into electricity; a control 
circuit, in succession to the generator, for controlling the generated electricity; a circuit (DC/AC inverter), in suc- 
cession to the control circuit, for converting the generated electricity into an AC current having a constant frequency; 
40 and at least two poles of AC output terminals in succession to the DC/AC inverter; the generator is constructed 

so as to generate the electricity by having field magnetons which are magnetized (excited) when a current (field 
current) flows through them and an armature comprising at least three coils connected in Y connection and by 
rotating and moving the field magnetons relative to the armature; the control circuit has a function of controlling 
the field current corresponding to a voltage of the AC output terminal; and the power unit has at least either one 
45 of a function of electrically controlling the water amount regulating mechanism corresponding to the voltage of the 

AC output terminal by the control circuit or of controlling the water amount regulating mechanism corresponding 
to the field current by the generator. 

[30] A power unit characterised by comprising a mechanism (input mechanism) for inputting kinetic energy as a 
rotary motion; a mechanism (speed-increasing mechanism), in succession to the input mechanism, for increasing 

50 a speed of the rotation; a mechanism (speed-changing mechanism), in succession to the speed-increasing mech- 

anism, for changing a speed multiplying factor; a mechanism (generator), in succession to the speed-increasing 
mechanism, for converting the rotation whose speed has been changed into electricity; a circuit (control circuit), 
in succession to the generator, for controlling the generated electricity; a circuit (DC/AC inverter), in succession 
to the control circuit, for converting the generated electricity into AC current having a constant frequency; a battery 

55 (secondary cell) repeatedly chargeable and dischargeable, in succession to the control circuit; and at least two 

poles of AC output terminals in succession to the DC/AC inverter; the generator is constructed so as to generate 
the electricity by having field magnetons which are magnetized (excited) when a current (field current) flowsthrough 
them and an armature comprising at least three coils connected in Y connection and by rotating and moving the 


Rw«;nnrin- <fp 0749196A2 1 > 


EP 0 749 196 A2 


field magnetons relative to the armature; and the power unit has at least either one of a function of electrically 
controlling the speed-changing mechanism corresponding to the voltage of the AC output terminal by the control 
circuit or of controlling the speed-changing mechanism corresponding to the field current by the generator. 
[31] In the means 1 through 27, an electrical load is provided at the Vdd output terminal to comprise an electronic 
s equipment. 

[32] In the means 1 through 27, an electronic equipment having an electrical load at the Vdd output terminal and 
having also a time indicating function is constructed. 

[33] In the means 32, an input section has a mechanism for inputting kinetic energy by rotating a peripheral portion 
of the time indicating section. 

10 [34] In the means 1, 4, 7, 9, 11 and 15, it is connected to a circuit (system reset circuit) having an electrical load 

at the Vdd output terminal; and a first rectifier element in series with the generator and the electrical load; and an 
anode terminal of the rectifier element is output from Vgen output terminal simultaneously and monitors a power 
voltage via a second rectifier element (entering to an anode terminal and going out of a cathode terminal) to stop 
the electronic equipment when the voltage becomes lower than a predetermined voltage (reset voltage): and has 

75 a function of changing a set value of a reset voltage corresponding to a voltage of a Vgen output terminal. 

[35] In the means 5, 6, 10, 12, 1 3 or 14, it is connected to a circuit (system reset circuit) having a cell included in 
a control circuit so as to be removable; an electrical load at the Vdd output terminal; and a first rectifier element 
in series with the generator and the electrical load; and an anode terminal of the rectifier element is output from 
Vgen output terminal simultaneously and monitors a power voltage via a second rectifier element (entering to an 

20 anode terminal and going out of a cathode terminal) to stop the electronic equipment when the voltage becomes 

lower than a predetermined voltage (reset voltage): 

and has a function of changing a set value of a reset voltage corresponding to a voltage of Vgen output terminal. 
[36] In the means 5 through 28, the storing mechanism comprises a spiral spring. 

25 Embodiments of the invention will now be described, by way ol example only, with reference to the accompanying 

diagrammatic figures in which; 

FIG. 1 isasystem block diagram showing a power unit 101 and an electronic equipment 1 02 comprising the same 
according to Part 1 of a first embodiment of the present invention; 
30 FIG. 2 is a stereographic view showing a structure of the power unit in Part 1 of the first embodiment of the present 

invention; 

FIGS. 3a through 3d are circuit diagrams showing the control circuit 105 in Part 1 of the first embodiment of the 
present invention; 

FIG. 4 is a circuit diagram showing a control circuit 401 in Part 2 of the first embodiment of the present invention; 
35 FIG. 5 is a stereographic view showing a generator of the first embodiment of the present invention; 

FIGS. 6A and 6B are diagrams showing a relationship among coils 602, output electrode brushes 603 and rotor 

rotary electrodes (6 electrodes) 601 in a rotor coil of the generator of the first embodiment of the present invention; 

FIG. 7 is a graph showing a relationship between the speed of rotation ol the rotor and an output current of the 

generator of the first embodiment of the present invention; 
40 FIG. 8 is a system block diagram showing a power unit 801 and an electronic equipment 802 comprising the same 

according to Part 1 of a second embodiment of the present invention; 

FIG. 9 is a stereographic view showing a structure of the power unit in Part 1 of the second embodiment of the 
present invention; 

FIG. 10 is a stereographic view showing a speed-regulating mechanism 810 in Part 1 of the second embodiment 

45 of the present invention; 

FIG. 11 is a stereographic view showing a generator in Part 1 of the second embodiment of the present invention; 
FIGs. 12a and 12b are plan views showing a chip coil 1104 of a type wound by a first method of the generator in 
Part 1 of the second embodiment of the present invention; 

Fl Gs. 1 3a and 1 3b are plan views showing the chip coil 1 1 04 of a type wound by a second method of the generator 
50 jn Part 1 of the second embodiment of the present invention; 

FIG. 14 is a schematic drawing showing a section of the chip coil 1104 ol the generator in Part 1 of the second 
embodiment of the present invention; 

FIG. 15 is a system block diagram showing a power unit 1501 and an electronic equipment 1502 comprising the 
same according to Part 2 of the second embodiment of the present invention; 
55 FIGs. 16a, 16b and 16c are stereographic views showing a speed-regulating mechanism in Part 2 of the second 

embodiment of the present invention; 

FIG. 17 is a system block diagram showing a power unit 1701 and an electronic equipment 1702 comprising the 
same according to Part 3 of the second embodiment of the present invention: 
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FIG. 18 is a system block diagram showing a power unit 1801 and an electronic equipment 1802 comprising the 
same according to Part 1 of a third embodiment of the present invention; 

FIG. 19 is a system block diagram showing a power unit 1901 and an electronic equipment 1902 comprising the 
same according to Part 2 of the third embodiment of the present invention; 

FIG. 20 is a system block diagram showing a power unit 2001 and an electronic equipment 2002 comprising the 
same according to Part 1 of a fourth embodiment of the present invention; 

FIG. 21 is a circuit diagram showing an AC generator 2006 and an electrical control circuit 2007 in Part 1 of the 
first embodiment of the present invention; 

FIGs. 22a and 22b are circuit diagrams showing a rectifier section 2101 in Part 1 of the fourth embodiment of the 
present invention; 

FIG. 23 is a circuit diagram showing a voltage regulator circuit (SWR) 2103 in Part 1 of the fourth embodiment of 
the present invention; 

FIGS. 24a through 24c are circuit diagrams showing other examples of IF driving circuits within the voltage regulator 
circuit 2103 in Part 1 of the fourth embodiment of the present invention; 

FIGs. 25a through 25d are first schematic graphs showing a state of control of field current in Part 1 of the fourth 
embodiment of the present invention; 

FIG. 26 is a second schematic graph for explaining the control of field current in Part 1. of the fourth embodiment 
of the present invention; * 

FIG. 27 is a third schematic graph for explaining the control of field current in Part 1 of the fourth embodiment of 
the present invention; 

FIG. 28 is a fourth schematic graph for explaining the control of field current in Part 1 of the fourth embodiment of 
the present invention; I 

FIG. 29 is an image-wise stereographic viewshowing a structure of the power unit in Part 1 of the fourth embodiment 
of the present invention; 

FIG. 30 is a stereographic view showing the structure of the power unit in Part 1 of the fourth embodiment of the 
present invention; 

FIG. 31 is a section view showing an AC generator in Part 1 of the fourth embodiment of the present invention; 
FIG. 32 is a stereographic view showing a stator (field magneton) of the AC generator in Part 1 of the fourth 
embodiment of the present invention; 

FIG 33 is a stereographic view showing the stator (field magneton) of the AC generator in Part 1 of the fourth 
embodiment of the present invention; 

FIGs. 34a through 34dare stereographic views and others showing structures of a rotor (armature) iron core 3102 
and a rotor coil 2105 of the AC generator in Part 1 of the fourth embodiment of the present invention; 
FIGs. 35a and 35b are partial section views showing a first example of a speed-changing pulley section 3101 of 
the AC generator in Part 1 of the fourth embodiment of the present invention; 

FIG. 36 is a partial section view showing a second example of the speed-changing pulley 31 01 of the AC generator 
in Part 1 of the fourth embodiment of the present invention; 

FIG. 37 is a circuit diagram showing an electrical control circuit 3701 and an AC generator 2006 in a certain variation 
of Part 1 of the fourth embodiment of the present invention; 

FIG. 38 is a system block diagram showing a power unit 3801 and an electronic equipment 3802 comprising the 
same according to Part 2 of the fourth embodiment of the present invention; 

FIG. 39 is a stereographic view showing a structure of the power unit in Part 2 of the fourth embodiment of the 
present invention; 

FIG. 40 is a section viewshowing an AC generator in Part 2 of the fourth embodiment of the present invention; 
FIGs. 41a through 41 d are partial section views showing a taper roller and a planet gear in the speed-changing 
mechanism in Part 2 of the fourth embodiment of the present invention; 

FIG. 42 is a section view showing a second AC generator in Part 2 of the fourth embodiment of the present invention; 
FIG. 43 is a section view showing a third AC generator in Part 2 of the fourth embodiment of the present invention; 
F|G. 44 is a system block diagram showing a power unit 4401 and an electronic equipment 4402 comprising the 
same according to Part 3 of the fourth embodiment of the present invention; 

FIG. 45 is a circuit diagram showing an AC generator 3804 and an electrical control circuit 4403 in Part 3 of the 
fourth embodiment of the present invention; 

FIG. 46 is a circuit diagram showing a voltage regulating and secondary cell charge/discharge control circuit 4501 
in Part 3 of the fourth embodiment of the present invention; 

FIG. 47 is a system block diagram showing a secondary cell charge/discharge control circuit 4608 in Part 3 of the 
fourth embodiment of the present invention; 

FIG. 48 is a control flowchart showing operations of the generator, secondary cell output switching and voltage 
monitor switching circuit 4603 in conjunction with that of the SWR circuit 2103 in Part 3 of the fourth embodiment 
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of the present invention; 

FIG. 49 is a system block diagram showing a power unit 4901 and an electronic equipment 4902 comprising the 
same according to Part 4 of the fourth embodiment of the present invention; 

FIG 50 is a circuit diagram showing a logic of a circuit, within a control circuit 4402, for driving an electrical speed- 
5 regulating mechanism control function 1512 in Part 4 of the fourth embodiment of the present invention; 

FIG. 51 is a stereographic view showing a structure ol a power unit in Part 4 of the fourth embodiment of the 

present invention: . 

FIG. 52 is a stereographic view showing a mechanical speed-regulating mechanism control 4903 in Part 4 of the 

fourth embodiment of the present invention; 
w FIG 53 is a sketch drawing showing a state wherein the inventive power unit is applied to a portable phone or a PHS; 

FIGS. 54A and 546 are sketch drawings showing a state wherein the inventive power unit is applied to a portable 
phone of a PHS 

FIG. 55 is a skcich drawing showing a state wherein the inventive power unit is applied to a portable audio «quip- 

15 FIG^se is a sketch drawing showing a state wherein the inventive power unit is applied to a handy type movie 

camera (camcorder) or an electronic camera (AF camera); 

FIG 57 is a skc.ch drawing showing a state wherein the inventive power unit is applied to a pocket bell (pager); 
FIG. 58 is a sketch drawing showing a state wherein the inventive power unit is formed into a shape of a button 
type cell 

20 . FIG 59 is a skeich drawing showing a slate wherein the inventive power unit is applied to an electronic watch; 

FIGs. 60a through 60c aie sketch drawings showing a state wherein the inventive power unit is applied to an 

electronic watch: . 

FIG. 61 is a sketch drawing showing an applied example of an electronic watch of the power unit of Part 4 of the 

fourth embodiment of the present invention: 
25 FIG 62 is a system block diagram showing a power source and a hand setting function of an electronic equipment 

having a time indicating function which is an applied example of the power unit ol Part 4 of the fourth embodiment 

of the present invention: . . 

FIG. 63 is a system block diagram showing a power unit 6301 and an electronic equipment 6302 comprising the 
same according to a fifth embodiment of the present invention; 
30 FIGs. 64a and 64b are circuit diagrams showing a light/radioelectricity transducing section according to a fifth 

embodiment of the present invention; : 
FIG. 65 is a stereographic view showing a generator (electrostatic generator 6501 ) of a power unit according to a 

sixth embodiment of the present invention; 

FIG. 66 is a section view of a portion, along A-A' in FIG. 65, of the generator of the power unit of the sixth embodiment 

35 of the present invention; 

FIG. 67 is a schematic diagram showing a principle of power generation of the power unit of the sixth embodiment 

of the present invention; 

FIG. 68 is a flowchart for explaining the operation of the generator of the power unit of the sixth embodiment of 

the present invention; L '. . 

40 . FIG. 69 is a system block diagram showing a power unit 6901 according to a seventh embodiment of the present 

FIG "70 7s a system block diagram showing a power unit 7002 according to an eighth embodiment of the present 
invention; 

FIG 71 is a stereographic view showing the power unit of the eighth embodiment of the present invention; 
45 FIG 72 is a graph showing a tendency of a discharge characteristic of a Ni-MH cell for explaining a power unit 

and an electronic equipment comprising the same according to a ninth embodiment of the present invention; 

FIG 73 is a graph showing a tendency of the discharge characteristic of the Ni-MH cell for explaining the power 

unit and the electronic equipment comprising the same according to the ninth embodiment of the present invention; 

FIG. 74 is a system block diagram showing the power unit 7401 and the electronic equipment 7402 comprising 
50 the same according to the ninth embodiment of the present invention; 

FIG 75 is a graph showing an enlarged portion of the graph showing the concrete discharge characteristic of the 

Ni-MH cell for explaining the power unit and the electronic equipment comprising the same of the ninth embodiment 

of the present invention; 

FIG. 76 is a schematic graph showing an operation of the electronic equipment of the ninth embodiment of the 

55 present invention; 

FIG. 77 is a flowchart showing the operation of the power unit and the electronic equipment comprising the same 

of the ninth embodiment of the present invention; 

FIG. 78 is a partial stereographic view showing a portable tape player (earphone stereo) which is a portable equip- 
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ment, i.e. the electronic equipment comprising the power unit of the ninth embodiment of the present invention; 
FIG. 79 is a graph showing discharge characteristics of a Ni-Cd type secondary cell and a Ni-MH type secondary 
cell; and 

FIG. 80 shows discharge characteristics of a manganese dry cell and an alkali dry cell when they are discharged 
s continuously at 10 Q. 

Prelerred embodiments of the present invention will be explained below based on the drawings. 
FIG. 1 is a system block diagram showing a power unit 101 and an electronic equipment 102 comprising the same 
according to Part 1 of a first embodiment of the present invention. The power unit 101 comprises an input means 

w section (hereinafter referred to as an "input section") 103 for inputting kinetic energy and force and converting it into 
a rotary motion, a gear train (gear) mechanism 106, in succession thereto, as means for increasing a speed of the 
inputted rotation, a generator 104, in succession thereto, as means for converting the rotary motion energy into elec- 
tricity, an electrical control circuit 105, in succession thereto, as means for stabilizing voltage and current at the gen- 
erated electricity, a secondary cell (a battery repeatedly chargeable/dischargeable such as a nickel-hydrogen (Ni-MH) 

is type cell, a nickel-cadmium (Ni-Cd) type cell or a lithium ion (Li ion) type cell using Lico0 2 ) 110, in succession thereto, 
as means for charging/discharging electricity, a Vout output terminal 1 09 called Vdd or Vcc in succession to the control 
circuit, and a ground output terminal 112 called GND or Vss in succession to the control circuit and the secondary cell. 
The power unit 101 is connected to an electrical load 111 via the output terminal 109 and composes the electronic 
equipment 1 02. The reference numeral (1 08) denotes a load current lout which flows from the Vout 1 09 to the electrical 

20 load 111 and (107) a charging current l CHG which flows to the secondary cell 110. 

FIG. 2 is a stereographic view showing a structure of the power unit in Part 1 of the first embodiment of the present 
invention. A lever 201 (which may be a type of pulling a wound string or a grip lever instead of such rotary lever) and 
a connector portion for connecting it with a first gear train as means for inputting kinetic energy and converting it into 
a rotary motion constitute the input section described above and a first gear 203, a second gear 204 and a third gear 

25 205 constitute the gear train and speed-increasing mechanism 1 06. It is then connected mechanically to the generator 
104 which is connected electrically with the control circuit 105 through a generator output cable 206. Here, a number 
of revolutions of a rotor (described later) of the generator which rotates when the first gear rotates once will be called 
a speed multiplying factor. Although not shown, it is possible to provide a fourth or fifth gear depending on a required 
speed multiplying factor. It is also possible to provide a plurality of generators as necessary. Further, although the 

30 secondary cell 110 is shown as if it is included in the power unit in FIG. 1 , it is possible to arrange so that it can be 
removed as necessary (to charge externally or to replace when it deteriorates). 

FIG. 3a is a circuit diagram showing the control circuit 105 in Part 1 of the first embodiment of the present invention. 
It comprises a Schottky diode 301 as means for preventing a reverse current (which flows reversely from the secondary 
cell to a rotor coil when the generator stops generating power) in series with a Vdd line 306, and a diode 302 as means 

35 (flywheel diode) for releasing a reverse electromotive force (a potential having a reverse polarity which is generated 
from the coil when the rotor of the generator stops). A smoothing capacitor 303 stabilizes the voltage further, though 
it may be omitted. 

Fig. 3b is an equivalent circuit for explaining a function of the secondary cell 110 in the present embodiment. The 
secondary cell has a function composed of a Zener function (voltage stabilizing function) 304 and a resistance function 

40 (internal resistance) 305 which varies depending on a charged energy. In the case of the present embodiment, it utilizes 
the Zener function as it is to stabilize the generated voltage and to supply it to the load. In such a case, it is preferable 
to use a nickel-hydrogen (Ni-MH) type cell as the secondary cell, because the Ni-Cd type cell has a larger voltage 
difference between charge and discharge than that of the Ni-MH cell and the Li ion type cell leads to a destruction of 
the cell unless charging/discharging current is fully controlled. 

45 FIG. 79 is a graph showing discharge characteristics of the Ni-Cd type secondary cell and the Ni-MH type secondary 

cell. A broken line 7901 is a plot when the Ni-Cd is charged : a solid line 7902 is a plot when the Ni-MH is charged, a 
solid line 7903 is a plot when the Ni-MH is discharged and a broken line 7904 is a plot when the Ni-Cd is discharged. 
It can be seen that a difference of voltages at the time of charge and discharge of the Ni-MH is smaller than that of the 
Ni-Cd. Normally, many of electronic equipments in 1.2 V system apply a system reset when a cell voltage becomes 

50 1 .2 V or 1 .0 V. However, when the inventive power unit is activated, the equipment is activated and the secondary cell 
is charged during charge (by moving or winding the lever) even after the secondary cell is discharged and the equipment 
is stopped. In the case of the Ni-Cd, however, the equipment stops its operation when the lever is stopped at a certain 
degree. It will not continuously operate unless the lever is wound up many more turns. In the case of the Ni-MH in the 
present embodiment, the equipment is activated by winding the lever just by about 5 turns and continuously operates 

55 thereafter in proportion to a degree charged. As a result, in practice, it may be essential to use the Ni-MH secondary 
cell in the present embodiment to operate some types of equipment. 

However, because an overcharge current causes a deterioration ol cell also in the case of the Ni-MH cell, it is 
necessary to use 1 .8 V (±0.15 V) Zener for the flywheel diode 302. In reality, the 1.8 V Zener has a problem such that 
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it causes much reverse leak, so that it is preferable to use a MOS transistor connected as shown in FIGS. 3c and 3d. 
At this time it is preferable to use those adapted so as to have 1 .8 V of transistor withstand voltage (BVDSS) by 
increasing a drain surface concentration by a gate-drain withstand voltage (BVS. surface breakdown withstand voltage). 
While the Schottky diode has been used as the reverse current preventing diode in order to suppress a forward voltage 
5 drop (V F ) as low as possible and V F of a Si diode is about 0.6 V and that of the Schottky diode is about 0.4 V, the use 
of the MOS transistor connected as shown in FIGS. 3c and 3d allows even lower V F to be obtained. (threshold 
voltage) may be set at 0.3 V or less, though it depends on a current value. 

Fig. 3c shows a rectifier element (direction from left to right in the figure is forward direction) of a type in which a 
source (S), a substance (Sub) and a gate (G) of an N-channel MOS transistor are connected. (D) denotes a drain. 
io Fig. 3d shows a rectifier element (direction from left to right in the figure is forward direction) of a type in which a 

source (S), a substrate (sub) and a gate (G) of a P-channel MOS transistor are connected. (D) denotes a drain. 

FIG. 4 is a circuit diagram showing a control circuit 401 in Part 2 of the first embodiment of the present invention. 
It forms a series regulator circuit by having a circuit 404, comprising a depletion type NMOS 408 and an enhancement 
type NMOS 409, for generating a reference voltage (Vref) 405, an error amplifier 402, a feedback resistor section 406 
is for dividing and detecting an output voltage, and a P-channel type output transistor 403. While the Ni-MH is essential 
as the secondary cell 110 still from the reason described before even when the control circuit is arranged as such, the 
loss (V F drop) caused by the reverse current preventing function may be reduced further as compared to the case 
when the Schottky diode or the MOS transistor (Figs. 3c and 3d) is used and it becomes possible to suppress a voltage 
difference of input and output of the P-channel MOS transistor 403 to 0.1 V or less. 
20 However, the substrate (Sub, N-Sub, N substrate) 410 of the output P-channel MOS transistor 403 has to be 

floating (must not be clamped to the source S) at this time. Further, it is necessary to provide a function of reliably 
turning off the PMOS transistor 403 with a potential of the Vdd line 306 when the generator stops by pulling up an 
output Vamp 412 of the error amplifier 402 to the potential of the Vdd line 306 by using a resistor 411 for example. 
When it is not arranged so that the Vamp 412 of the error amplifier 402 which operates by receiving an output vln 413 
25 from the generator becomes a high impedance when the Vin 41 3 becomes less than GND, it is also possible to provide 
a circuit, operated by the power source of the Vdd line 306, which monitors the Vm 413 and turns off the PMOS 403 
when the Vin is off. 

FIG. 5 is a stereographic view showing the generator of the first embodiment of the present invention. It has a 
coreless structure in which four magnets, i.e., field magnetons, 502 (it is preferable to be a samarium-cobalt (Sm-Co) 
30 type magnet because a flux density per volume and surface area can be high and thereby its size and weight can be 
reduced) are disposed so that S and N alternate and three rotor coils 501 rotate facing to the magnets. By constructing 
as described above, the size and weight can be reduced as compared to a generator mechanism having a core (i.e., 
the size in the direction of the rotor shaft of the rotor can be reduced and thinned). To make it more clear, FIGS. 6a 
and 6b are shown. 

35 FIG 6a is a sketch drawing and FIG. 6b is a circuit diagram showing the relationship among the coils 602, the 

output electrode brushes 603 and the rotor rotary electrodes (6 electrodes) 601 in the rotor coil of the generator of the 
first embodiment of the present invention. Such arrangement allows the output electrode brushes 603 to take out 
electricity as a direct current (DC) always from the all three coils simultaneously. 

FIG. 7 is a graph showing a relationship between a number of revolutions of the rotor and an output current of the 

40 generator of the first embodiment of the present invention. A connected secondary cell was the Ni-MH one-cell gum 
type (rated 1 2 V) cell, one magnet of the generator was the SM-Co type magnet of 3000 to 5000 gauss and one coil 
was a cable of 0.3 mm O wound 1 5 turns and has a resistance of 1Q. The graph shows a number of revolutions of the 
rotor and the ouput current obtained by changing the speed multiplying factor by the gear train by turning a manual 
lever of 5 cm in length for example by about 70 rpm with 3 to 5 kg cm of torque at this time (these values are quite 

45 reasonable from the aspects of bodily sensation and practicality). It can be seen that there is a peak at 9000 rpm and 
that the output fades out suddenly from around 15000 rpm (the brush cannot follow up). Accordingly, it can be said 
that a range acceptable in terms of the power generating efficiency is from 6000 to 12000 rpm. Further, it can be said 
that it is essential to set a practical limit range of the gear train multiplying factor, in conjunction with the reasonably 
of the bodily sensation described above, from 50 to 100 times. 

50 u is preferable to use plastics to certain part of the mechanical parts such as the gear train so long as the use 

condition accepts its durability because the weight and mechanical loss may be reduced in the present invention (and 
in the embodiments which follow). 

FIG. 8 is a system block diagram showing a power unit 801 and an electronic equipment 802 comprising the same 
according to Part 1 of a second embodiment of the present invention. The power unit 801 comprises an input section 

55 806, a spiral spring (although it is conceivable to use a mechanical structure such as a coil spring, a plate spring and 
others or a tank of a compressed gas, this part will be explained as "spiral spring" hereinafter to make it simple) 803 
as means for storing input kinetic energy, a gear train mechanism 804, a speed-regulating mechanism 810 as means 
for stopping the wound spiral spring 803 from being released or regulating (controlling) its speed, a generator 808, a 
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control circuit 305, the V OUT terminal 809, and a GND terminal 812. The power unit 901 is connected to an electrical 
load 811 via the Vout output terminal 809 and composes the electronic equipment 802. 

FIG. 9 is a stereographic view showing a structure of the power unit in Part 1 of the second embodiment of the 
present invention. FIG. 9 shows a state wherein a key 901 as kinetic energy input means winds up the spiral spring 

s 803 as the input means 806 via a mechanical connector section (not shown because it is identical with that shown with 
the first embodiment) to store kinetic energy, the speed-regulating mechanism 810 exists in place of the gear train and 
speed-increasing mechanism 81 0 exists in place of the gear train and speed-increasing mechanism 804, and the 
generator 808 connected mechanically with the gear train mechanism 804 exists. 

FIG. 10 is a stereographic view showing the speed-regulating mechanism 810 in Part 1 of the second embodiment 

io of the present invention It is constructed so that a pinion gear 1003 connected to the final gear drives a worm gear 
1002 (thus structuring a rack-and-pinion drive 1004) to turn a wind mill 1001 . The wind mill rotates at a maximum speed 
(saturation speed) which is decided by the rate of revolution (speed of rotation) and a torque of the worm gear 1002 
and the wind resistance and area of the wind mill 1001. It rotates at a constant speed which is a releasing speed of 
the spiral spring. The spiral spring is released slowly when a multiplying factor of the gear train from the spiral spring 

75 to the worm gear 1002 is large and is released quickly when it is smaller It means that the kinetic energy stored in the 
spiral spring is releasee as an action ot agitating air (generating a wind). However, the essence may be readily under- 
stood by explaining it from a case when there is no speed-regulating mechanism. Friction of the rotor of the generator 
808 connected to the electrical load 811 via the control circuit 805 increases, i.e., the number ot revolutions of the rotor 
drops, as a load current l OUT 813 increases. In contrary, when the load current l OUT 813 decreases, the friction is 

20 reduced, thereby increasing the number ol revolutions of the rotor. It means that the spiral spring is released instantly 
in an extreme case (switch OFF). Then, the speed-regulating mechanism is provided to set the releasing speed (of 
the rotor) at a speed slightly higher number of revolutions than that of the rotor when the 'load current l OUT 813 is 
maximum to prevent the spiral spring from being totally and wastefully released even if the load current l OUT 813 
decreases. However, practically, it is also preferable to adopt a method of providing the secondary cell as described 

25 later to charge the secondary cell bit by bit always (trickle charge) with the remainder of the generated power which 
did not go to the load, which is decided by the speed-regulation, and to use it when the load current reduces or the 
spiral spring is released. 

FIG. 1 1 is a stereographic view showing the generator in Part 1 of the second embodiment of the present invention. 
It is basically the same with the coreless (faced type) DC generator which has been explained in the first embodiment. 

30 It is what the generator is downsized (thinned). It is constructed so that four chip coils 1104 (described later) are 
disposed (alternately with those whose winding direction is mirrored) on a substrate 11 03 and magnets formed by disk- 
like four-pole magnetized magnets 1101 and 1105 contacting with back yokes 1102 and 1106 in a manner sandwiching 
the coils rotate with a rotor shaft 1107. Such arrangement allows the brush electrodes for taking out an electrode from 
the coils to be eliminated and, thereby, downsizing (thinning) of the generator and the high-speed rotary reaction (no 

3S brush jump occurs) are realized. 

FIGs. 12a and 12b are plan views showing the chip coil 1104 of a type wound by a first method of the generator 
in Part 1 of the second embodiment of the present invention. While FIG. 12a is a plan view close to the actual shape, 
it will be explained by using a schematic plan view of FIG. 12b to make it understandable. 

A wire 1202 on the first layer is connected with one electrode 1201 and is disposed in spiral toward the center like 

40 a spiral of a mosquito-repellent incense. It is then connected to a wire on the second layer via a connector portion 1 204 
approximately at the center of the spiral. The wire is disposed in spiral toward the outside in the same spiral direction 
and is connected to the other electrode 1201 . While a number of turns may be increased by multiplying the layers like 
a third and fourth layer, a series resistance increases if the thickness of the wire is the same. It is important to set the 
size, number of turns and the resistance corresponding to its use. 

45 FIGs. 1 3a and 1 3b are plan views showing a chip coil of a type wound by a second method (which is different from 

the "mirrored" one described above, i.e., "mirror" means that right and left are reversed in plan) of the generator in Part 
1 of the second embodiment of the present invention. While FIG. 1 3a is a plan view close to the actual shape, it will 
be explained by using a schematic plan view of FIG. 12b to make it understandable. 

A wire 1 303 on the first layer connected with one electrode 1 302 is disposed in spiral and is connected with a wire 

50 on the second layer via a connecting portion 1 305. The wire on the second layer then runs above the wire on the first 
layer and is then connected to the first layer by a further connecting portion 1 305. 

The wire is then wound in a spiral as a wire on the first layer. By repeating this, a plurality of coil turns having 
almost the same size per one turn is wound. The other end of the wire is then connected to the other electrode 1 302. 
It may be easily understood if one imagines a spring coil squashed into aflat shape. What is important here is that the 

ss overlap portion 1 301 of the first coil turn and the final coil turn has to be left and must not be crossed. 

FIG. 14 is a schematic drawing showing a section of the chip coil 1104 of the generator in Part 1 of the second 
embodiment of the present invention, it comprises A1 (aluminium) or poly-Si wire layer 1404 of the first layer on a 
semiconductor substrate 1406 via an insulating film 1405, an A1 wire layer 1403 of the second layer via an inter-layer 


10 


BNSDOCID: <EP 07491 96A2J_> 


EP 0 749 196 A2 


insulating film 1402 and a surface protective film layer 1401 thereon. The substrate may be a silica or glass substrate, 
an influence of substrate eddy current may be ignored even with a Si semiconductor substrate used often in a semi- 
conductor process because there is a difference of more than four digits (factor of > 1 0 4 ) in terms of specific resistance 
as compared to a coil wiring material if its specific resistance is 1 CI -cm or more. The layer may be increased like a 
s third or lourth layer or a magnetic film (formed of a compound film such as CoFeSiB by sputtering) 1 407 may be used 
on the surface protective film as shown in the figure. About four time of inductance may be obtained with the same 
number of patterns. 

FIG 15 is a system block diagram showing a power unit 1501 and an electronic equipment 1502 comprising the 
same according to Part 2 of the second embodiment of the present invention. The power unit 1501 comprises an input 

io section 1508, a spiral spring 1503, a gear train mechanism 1504, a speed-regulating mechanism 1511, a generator 
1505 a control circuit 1506 which has an electrical speed-regulating control 1512 function, a V OUT output terminal 
1507', and a GND terminal 1513. The power unit 1511 is connected to an electrical load 1510 via the Vout terminal 
1 507 and composes the electronic equipment 1 502. 

FIGS. 16a, 16b and 16c are stereographic views showing the speed-regulating mechanism in Part 2of the second 

is embodiment of the present invention. Attached to a worm gear in a rack-and-pinion mechanism composed of the worm 
gear (screw gear) 1 604 and a pinion gear 1 605 at the final gear train is a disk-like lour-pole magnetized magnet, instead 
of the wind mill described before. When a coil 1601 is provided in the proximity of the magnet, friction (caused by 
electromagnetic induction) caused by the worm gear of the speed-regulating mechanism varies depending on an im- 
pedance (load 1602 within the figure, which is a load for controlling the speed-regulation) of the circuit connected to 

20 the coil That is, when the impedance is lowered, the friction increases, thereby acting toward jS topping the spiral spring 
from being released (non-release side). When the impedance is increased, the friction decreases, thereby acting toward 

releasing the spiral spring (release side). 

The magnet may be cylindrical and radially field-magnetized as shown in FIG. 16b. At this time, its efficiency may 
be improved by surrounding around the magnet with a coil having an armature iron core as shown in FIG. 16c. For 
2S these structures, see a structure of a rotor of an AC generator (ACG) in a fourth embodiment described later. 

Concerning to a multiplying factor of the gear train from the spiral spring to the final rotary magnet in the speed- 
regulating mechanism of the present embodiment, a return current i 1509 flows as can be seen and as shown in the 
figure on the side of stopping the spiral spring from being released in the present embodiment. This current becomes 
a current to be consumed (although it is ideal if this current could be controlled and recovered, it will not be assumed 
30 here because it results in a limitless repetition of the system). So it is preferable to keep it as a small power (current i 
1509) as much as possible. Then, the multiplying factor of the gear train in the speed-regulating mechanism is set at 
20 times or more in terms of the rotation of the rotor of the generator. If it is 10 times, it leads to a drop ol the efficiency 
of 10 % in maximum, which is not negligible, but a 5% drop with 20 times of multiplying factor may be within an ac- 
ceptable range in this system. Although it may be set at 50 time or 100 times of course, the rotor of 1000 rpm rotates 
3S at 100,000 rpm when the multiplying factor is 100 times. A problem in the durability may result if technology in spindle 
cannot follow up. Accordingly, while no upper limit will be indicated by a numerical value at this time, its rate is deter- 
mined by a high-speed spindle technology to be used. 

Although electromagnetic speed-regulation has been described, it is also possible to use an electrically viscous 
fluid whose viscosity varies corresponding to an applied voltage for example. 
40 FIG 17 is a system block diagram showing a power unit 1701 and an electronic equipment 1702 comprising the 

same according to Part 3 of the second embodiment of the present invention. The power unit 1701 comprises an input 
section 1709, a spiral spring 1703, a gear train mechanism 1704. a speed-regulating mechanism 1710, a generator 
1705 a control circuit 1706, a secondary cell 1712 as charging/discharging means, a V OUT output terminal 1708, and 
a GND terminal 1714. The power unit 1701 is connected to an electrical load 1713 via the Vout terminal 1708 and 
4S comprises the electronic equipment 1702. The speed-regulating mechanism 171 0 is set on the side tor releasing the 
generated electricity slightly larger than the maximum value of an load current l OUT 1707 and the remaining current is 
charged to the secondary cell as charging current l CHG 1711 by way of trickle charge. It is used in emergency. While 
the secondary cell here may be any one ol Ni-MH, Ni-Cd or Li ion type cell, it is preferable to have a charge/discharge 
control circuit in the fourth embodiment described later when it is the Li ion type cell. 
so FIG 18 is a system block diagram showing a power unit 1801 and an electronic equipment 1802 comprising the 

same according to Part 1 of a third embodiment of the present invention. The power unit 1801 comprises an input 
section 1809, a spiral spring 1803, a gear train mechanism 1804, a speed-changing mechanism 1805 as means for 
changing a speed multiplying factor ol the gear train, a generator 1806, a control circuit 1807 which has a function 
1810 for electrically controlling the speed-changing mechanism, a V OUT output terminal 1808, and a GND terminal 
ss 181 2 The power unit is connected to an electrical load 1811 via the Vout terminal 1808 and comprises the electronic 
equipment 1802. A concrete example of the speed-changing control will be described later in the fourth embodiment. 

FIG 19 is a system block diagram showing a power unit 1901 and an electronic equipment 1902 comprising the 
same according to Part 2 of the third embodiment of the present invention The power unit 1901 comprises an input 
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section 1909, a spiral spring 1903, a gear train mechanism 1904, a speed-changing mechanism 1905, a generator, a 
control circuit 1907, a mechanism 1910 for electrically controlling the speed-changing mechanism, a secondary cell 
1911 as charging/discharging means, a V OUT terminal 1908. and a GND terminal 1913. The power unit is connected 
to an electrical load 1912 via the Vout terminal 1908 and comprises the electronic equipment 1902. 

s FIG. 20 is a system block diagram showing a power unit 2001 and an electronic equipment 2002 comprising the 

same according to Part 1 of a fourth embodiment of the present invention. The power unit 2001 comprises an input 
section 2009. a spiral spring 2003, a gear train mechanism 2004, a speed-changing mechanism 2005, a generator 
(hereinafter referred to as an AC generator or ACG for convenience) 2006 which uses a self -exciting magnetic field 
instead of the field magnet type generator (DC generator) explained so far, a control circuit 2007 which has a function 

io 20i 1 lor controlling a field current of the stator coil as means for field magnetization, a secondary cell 2012, a V OUT 
output tcrrr mal 2005 and a GND terminal 2014. The power unit 2001 is connected to an electrical load 2013 via the 
voui terminal 2005 nnd comprises the electronic equipment 2002. 

FIG 21 is a circuit diagram showing an AC generator 2006 and its electrical control circuit 2007 in Part 1 of the 
tirst cmbocimcni of the present invention. The AC generator 2006 comprises a rotor (armature) composed of three 

15 rotor co is 21C5 connected in Y-connection and a stator (field magneton) composed of a stator coil 2106. While the 
stator rotates m the present invention because only two brush electrodes are required as described later, the explanation 
will be continued by usng the names rotor and stator as above. The control circuit 2107 comprises a rectifier section 
2101 a smoothing i wavcform-shaping) capacitor 2102 and a voltage regulator circuit (it is also referred to as a SWR N 
beca jsc it is a switching regulator as described later) 21 03 having a function 2108 for controlling a field current l F 2109 

20 of the stator coil (held magnetic coil). The reference numeral (2104) within the figure denotes an output current lo UT . 

FlGb 22a and 22b mo cncuit diagrams showing the rectifier section 2101 in Part 1 of the fourth embodiment of 
the present invention AC output current from the rotor coil 2105 is taken out as DC output current between a Vdd 2202 
and a GND 2014 via six rectifier diodes 2201. The efficiency may be improved here if Schoftky diodes are used for 
these diodes because ol low V F as described before, and it may be improved further if MOS transistors are used in a 

25 manner connecting the gate (G) substrate (Sub) and source (S) as shown in FIG. 22b and as described before. (D) 
denotes a drain While a N -channel MOS transistor is used in the figure, a P-channel MOB transistor may be also used 
as described before 

FIG. 23 is a circuit diagram showing the voltage regulator circuit (SWR) 2103 in Part 1 of the fourth embodiment 
of the present invention It «s connected with the stator coil 2106 and has field current (l F ) control terminals (l F terminal) 

30 2301 One of the l p terminals 2301 is connected to a Vdd line 2202 within the circuit and is connected to an l F driving 
N channel MOS transistor 2309 via the stator coil. The reference numeral (2308) denotes a flywheel diode for absorbing 
reverse electromotive force caused when the stator coil is turned off. The N-channel MOS transistor is connected to 
a pulse width converting circuit 2303 via a PWM circuit output V F 2302. The circuit 2303 outputs a signal as V F whose 
pulse width is modulated by an output of an error amplifier 2304 and an output from an oscillation circuit (OSC) 2307 

35 (PWM control). The input side of the error amplifier is connected with a feedback resistor section 2306 which divides 
and detects a reference voltage generating circuit (Vref) and an output circuit V OUT 2008 as shown in the figure. 

FIG. 24a is a circuit diagram showing another example of an i F driving circuit within the voltage regulator circuit 
2103 in Part 1 of the fourth embodiment of the present invention. It shows a state wherein the P-channel MOS transistor 
2401 connected to the Vdd line 2202 drives the stator coil 2106. 

40 Fig. 24b is a circuit diagram showing the reference voltage generating section 2305 within the voltage regulator 

circuit 2103 in Part 1 of the fourth embodiment of the present invention. The reference voltage generating section has 
been constructed as shown in the figure wherein a depletion type N-channel MOS transistor 2402 and an enhancement 
type N-channel MOS transistor 2403 are coupled as shown in Fig.24b. The substrate (Sub)of the first embodiment is 
grounded to GND, but it is advantageous to connect it with Vrf like the present embodiment in terms of temperature 

45 characteristics. However, it cannot but be constructed like the first embodiment when a P-type semiconductor substrate 
has to be used in terms of the circuit. 

FIG. 24c is a circuit diagram showing another example of a circuit for controlling V F within the voltage regulator 
circuit 21 03 in Part 1 of the fourth embodiment of the present invention. As shown in the figure, a circuit (V/F conversion) 
2404 having a function of receiving an output voltage of the error amplifier 2304 to convert it into frequency may be 

50 used (PFM control). 

It is of course possible to implement both the PWM modulation control and the PFM control together. 
FIGs. 25a through 25d are first schematic graphs showing a state of control of the field current in Part 1 of the 
fourth embodiment of the present invention. The generator shown in the present embodiment has a structure such that 
a generated power increases when the field current flowing to the stator coil is increased. The PWM control in the 

55 present embodiment is what controls it with a duty ratio of On time of V F output. That is, it means that the greater the 
duty ratio of V F output, the more l F is. Figs. 25a through 25c show a state wherein a load current l OUT increases and 
the error amplifier and the PWM control circuit which detect that increase the duty. FIG. 25d shows a waveform from 
one of the rotor coils for reference, wherein a dotted line is drawn assuming to be a direct output waveform from the 
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coil. A solid line represents an output smoothed by the smoothing coil. Actually, a very smooth (stable) DC output may 
be obtained because three coil outputs overlap in addition to the overlap caused by the rotation of the rotor (actually 
a stator). This control method may be understood as a switching regulator control supposing the rotor coil as a choke 
coil. As is apparent from this lact, even when kinetic energy is converted into electricity for example, a certain degree 

s of loss is produced at any cost if it is regulated by the series regulator (because slightly higher power has to be generated 
to implement the series regulation and dropper regulation). However, an efficiency of 1 00 % in principle may be obtained 
by implementing the AC generation and field current control (switching control) like the present embodiment. It is the 
highlight of the present invention. Of course, it is essential to use the releasing speed-regulating control or speed- 
changing control function together for a fluctuating load when there is no secondary cell in order to convert stored 

10 kinetic energy (in spiral spring) into electrical energy close to 100 %. , 

FIG 26 is a second schematic graph for explaining the control of field current in Part 1 of the fourth embodiment 
of the present invention.The horizontal axis represents field current l f (i.e., it also means V f duty of the PWM control) 
and when a load current t OUT increases, this l F increases. 

When the speed-regulating mechanism or speed-changing mechanism is fixed for example, while V OUT rises once 

15 along the increase of l F the number of revolutions of rotor drops from a certain point (because electromagnetic friction 
caused by the held current increases and the torque starts to be weakened). Then, soon,' V OUT also starts to drop. 
Since it is impermissible, the speed-regulating mechanism or the speed-changing mechanism are provided to imple- 
ment the feedback control. 

FIG. 27 is a third schematic graph for explaining the control of field current in Part 1 ol the fourth embodiment of 
20 the present invention. A speed multiplying factor is changed (speed-change) toward reducing the multiplying factor 
slightly before the number of revolutions of the rotor starts to drop due to the increase of l F to increase the number of 
revolutions of the rotor (point a: side of releasing the spiral spring). Then, because V OUT becomes higher than a specified 
output with that rotation and with l F l F is lowered once than the previous one (point b). This operation is repeated along 
the increase of the load current l OUT . However, not such stepped control but a continuous control is made actually, 
25 V OUT also docs not fluctuate within such a width. The stepped control has been shown here to emphasize changes of 
V OUT for the purpose of explanation. However, because there is a problem of follow-up of a mechanism in the aspect 
of transient response to time, a hysterisis is provided at the up and down of the speed-changing points and it is preferable 
to set a larger range covered by l F (i.e., to widely take a duty range in which constant voltage is controlled by l F ). It 
means that the efficiency of conversion from force to electricity drops. This will be explained further with reference to 
30 FIG. 28. 

FIG. 28 is a fourth schematic graph for explaining the control of field current in Part 1 of the fourth embodiment of 
the present invention, while this is also a graph created supposing that the speed is changed or regulated stepwise 
for the purpose of explanation, a horizontal axis represents load current I OU t from now on - Tnis is an exa m P |e showing 
an earlier rotation step-up (i Fma x) to the increase of the load current and a slower rotation step-down (l Fmjn ) to the 

35 decrease of the load current. Here, l Rlmit indicates where the friction balances with the torque and from that point, the 
rotation drops and V OUT drops as well. It is a limit value of l F with that rotation. While the smaller the width of both 
differences between l Fmax and l FHmit and between l Fmax and l Fmin , the better it is in terms of the efficiency of power 
generation, it has be set separately per application to which the inventive power unit is used. Although no individual 
application examples will be shown here, it is intended to disclose all means for the application. The setting will greatly 

40 differ depending on how much the load fluctuates instantly and on whether there is a secondary cell or not. Although 
there is also another problem even if there exists a secondary cell that what should be done when it is depleted, it may 
be solved by changing l Fmax and l Fmjn corresponding to a status of the secondary cell when there is provided a sec- 
ondary cell monitoring function like in embodiments described later. 

FIG. 29 is an image-wise stereographic view showing a structure of the power unit in Part 1 of the fourth embodiment 

45 of the present invention. FIG. 29 is an image-wise view showing a state wherein a key 2901 as kinetic energy input 
means winds up the spiral spring 2003 as the input section 2009 via a mechanical connector section (not shown 
because it is identical with that shown in the first embodiment) and the gear train mechanism 2004, the speed-changing 
mechanism 2005, the rotor 2105 and the stator 2106 are laminated concentrically. The reference numeral (2007) 
denotes a control circuit. 

so FIG. 30 is a stereographic view showing the structure of the power unit in Part 1 of the fourth embodiment of the 

present invention. In FIG. 30, the key 3001 as kinetic energy input means winds up the spiral spring 2003, the input 
means 2009, via the mechanical connector section (not shown because it is identical with that shown in the first em- 
bodiment). The gear train mechanism 2004 is connected mechanically with the speed-changing mechanism 2005 and 
the speed-changing mechanism is connected mechanically to the AC generator 2006 by a pulley belt 3003. The ref- 

55 erence numeral (3002) denotes an electrical wire for electrically controlling the speed-changing mechanism. The gen- 
erator and the speed-changing mechanism used in this figure will be explained below in detail. 

FIG. 31 is a section view showing the AC generator in Part 1 of the fourth embodiment of the present invention. 
The stator coil 2106 is wound around a stator (field magneton) iron core 3110 which rotates (although it is strange in 
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terms of a language that the stator rotates, this will be explained as it is as described before) in connection with a rotor 
shaft 31 06 to structure S (N) poles 31 03 and 31 07 and N (S) poles 31 04 and 31 08. The rotor coil 21 05 is wound around 
a rotor (armature) iron core 3102 to surround the outer periphery of the stator without gap. The reference numeral 
(31 05) denotes carbon brushes for taking out electrodes of the stator coils, (3003) the pulley belt, (31 01 portion) a third 
5 (or fourth) gear and a speed-changing pulley, (3110) an armor. These parts will now be explained separately. 

FIG. 32 is a stereographic view showing the stator (field magneton) of the AC generator in Part 1 of the fourth 
embodiment of the present invention. This drawing is used because it may be readily understood by explaining together 
with a method how to create them. The reference numeral (3201) in the figure denotes a bobbin having six wing-like 
portion like a starfish on one side. Those six wings are offset so that they are nested each other with respect to positions 
10 of the both sides (it will be obvious by seeing the next drawing). 

A coil wire 2106 constituting the stator coil 2106 is wound around a drum portion 3203 of the bobbin 3201 . Then, 
the six wing portions are bent as shown in the next drawing of FIG. 23. It can be seen that six each S and N poles of 
the stator coil are formed alternately like S, N, S and N. 

FIG. 33 is a stereographic view showing the stator (field magneton) of the AC generator in Part 1 of the fourth 
is embodiment of the present invention. It shows a state wherein an electrode 3302 for the carbon brush for taking out 
the electrode of the stator coil and the rotor shaft 3106 are mounted. 

FIGs. 34a through 34d are stereographic views and others showing structures of the rotor (armature) iron core 
3102 and the rotor coil 2105 of the AC generator in Part 1 of the fourth embodiment of the present invention. 

Fig. 34a is a stereographic view showing a state wherein the ring rotor iron core 3102 and the rotor coil 2105 are 
20 partially cut. Thin iron plates are laminated in the rotor iron core as shown by stripes in the figure to reduce eddy current 
loss and the rotor coil wire is wound behind that. 

Fig. 34b shows a state ot the rotor iron core 3401 and the rotor coil 2105 wound around it seen from the inside 
(back) thereof when they are seen as a ring. 

Back convex portions 3401 are formed on the rotor iron core 3102 and the rotor coil wire 2105 is wound around 
25 so as to thread between the convex portions. Since it may be difficult to understand, its state is shown in FIG. 34c as 
a schematic circuit connection diagram. 

As shown in the figure, each coil is wound so as to thread between the convex portions 3401 like a "soki" pattern 
on a Chinese bowl and is connected at a connecting part 3402. Although only onefold of coil is shown to be trailing in 
the figure to simplify the explanation, actually it is caused to trail a plural time per one coil and after that, those three 
30 coils are connected in the end (see FIG. 34b). 

Thus the rotor coil 2105 in three-pole Y connection is constructed in a manner of equivalent circuits as shown in 
FIG. 34d. The rotor iron core is connected also with a metallic casing as a yoke, which covers the whole generator. 

FIGs. 35a and 35b are partial section views showing a first example of the speed-changing pulley section 3101 
of the AC generator in Part 1 of the fourth embodiment of the present invention. One of tapered pulley plates 3501 is 
35 movable in the direction of the rotor shaft 3506 and when a load current l OUT decreases, a signal is sent via a wire 
3002 for controlling the speed-changing mechanism, thereby separating the movable pulley plate 3503 from a back 
plate 3502. A section of the pulley belt 3504 moves radially outward (upward in Fig. 35b), thus increasing the multiplying 
factor of the gear train and shifting the spiral spring on the side of non-release. 

Although the actuation for moving the movable plate by the signal for controlling the speed-changing mechanism 
40 will not be particularly specified here, it may be practical to adopt electromagnetic or thermoelectric actuation. 

FIG. 36 is a partial section view showing a second example of the speed-changing pulley 31 01 of the AC generator 
in Part 1 of the fourth embodiment of the present invention. When l F increases as the load current l^y increases and 
the rotor friction increases, a tension applied on the pulley belt increases. 

Then, the movable pulley plate 3503 moves in the direction of the back plate 3502 along a guide 3602 on the rotor 
45 shaft. Then, the section of the pulley belt 3504 moves downward in the figure, thus reducing the multiplying factor of 
the gear train and shifting the spiral spring on the side of release. This mechanism requires a certain pressure to be 
applied in advance by a spring 3601 or the like. A balance is taken by the pressure of the spring with the tension of 
the pulley belt. 

FIG. 37 is a circuit diagram showing an electrical control circuit 3701 and the AC generator 2006 in a certain 
50 variation of Part 1 of the fourth embodiment of the present invention. It comprises a secondary cell 3703 for a voltage 
regulator circuit 3702. It is useful when the voltage regulator circuit 3702 itself is not operating before starting the control 
of the power generation. While a method for controlling the charge/discharge of the secondary cell will be detailed in 
Part 3 of the fourth embodiment described later, a structure thereof in the present embodiment is much simpler than 
that because no power of the secondary cell 3703 is supplied to the electrical load. 
55 FIG. 38 is a system block diagram showing a power unit 3801 and an electronic equipment 3802 comprising the 

same according to Part 2 of the fourth embodiment of the present invention. The power unit 3801 comprises an input 
section 2009, a spiral spring 2003, a gear train mechanism 2004, a speed-changing mechanism 3805, an AC generator 
3804 having a function 3803 for mechanically controlling speed-change, a control circuit 2007 having a function 2011 
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for controlling a field current, a V OUT output terminal 2008, and a GND terminal 201 4. The power unit 3801 .s connected 
to an electrical load 201 3 via the V OUT terminal 2008 and comprise the electrons equ.pment 3802. 

FIG 39 is a stereographic view showing a structure of the power unit in Part 2 of the fourth embodiment of the 
present invention In FIG 39, the key 3001 as the kinetic energy input means winds up the spiral spring 2003, the input 
s means via the mechanical connecting section (it is not shown because it is identical to that shown in the first embod- 
iment) The gear train mechanism 2004 is connected mechanically with the speed<hanging mechanism 3805 which 
is in turn connected mechanically with the AC generator 3804 via a planet gear 3902 and a tapered roller (speed- 

chanqinq capstan) 3901 . .... 
FIG 40 is a section view showing the AC generator in Part 2 of the fourth embodiment of the present mvent.on. 

10 When the load current l OUT increases, l F increases and as a result, friction between a rotor iron core 4001 and a staler 
iron core 4004 increases. Then, because a plane where the rotor and stator poles face has a certain taper angle 4007 
to the center line of the rotor shaft as shown in the figure, a force in the left direction in the figure is generated. By 
constructing the tapered roller 3901 and the stator iron core 4004 so that they are secured to the rotor shaft 31 06 but 
are movable in a body as against casing 4008 by a certain distance in the direction of the shaft, it moves in the left 

is direction in the figure at this time for example. Then, the planet gear 3902 is pushed upward in the figure (although it 
may not be adequate to call it as a planet gear, it means here that it can move up and down in the figure wh.le being 
connected with the gear train mechanism of the previous stage in the figure. It is of course necessary to apply tension 
to it in advance to press to the tapered roller 3901 by a certain force). Then, the planet gear 3902 contacts with the 
tapered roller 3901 where the periphery thereof is long, thus reducing the multiplying factor of the gear tram, shifting 

20 the spiral spring to the side of release and causing to generate power corresponding to the increase of the load current. 
A reversal operation is carried out when the load current decreases. ' 

It is preferable to set the taper angle 4007 at an angle between 15° and 45° from the balance with a taper (tilt) 

angle of the tapered roller 3901 

The reference numeral (4002 and 4005) denote S (N) poles and (4003 and 4006) N (S) poles. 
25 FIGS 41 a through 41 d are partial section views showing the taper roller and the planet gear in the speed-changing 

mechanism in Part 2 of the fourth embodiment of the present invention. While it is preferable to provide a hysteresis 
at points of l F and speed-change in the present embodiment as described before, the figure shows examples in im- 
plementing rt mechanically. An angular relationship between the tapered roller 3901 and the planet gear 3902 is set 
as shown in FIG 41a so that the taper of the planet gear 3902 has a two-stage taper, the first stage taper (slope 4105) 
so (top side in the planet gear) is placed so as to have an angle 4101 opened toward the periphery of the tapered roller 
3901 i e , toward the top in the planet gear, and an angle 4103 of the second taper (slope 41 01 )(periphery side in the 
planet gear) is parallel or is opened with several degrees toward the top side of the tapered roller 3901 As for their 
material, at least one of them, and both if possible, has to be made of an elastic material having a high coefficient of 
friction such as a hard rubber. The angle 4101 is set at an angle between 5° and 30°, though ft depends on its resiliency 
35 (hardness). By constructing as described above, they operate as follows. In a state wherein the load current is stable, 
a force of the tapered roller 3901 pushing to the left in the figure due to a friction caused by l F is balanced w.th the 
tension 4102 given to the planet gear in advance as described before and a contact plane 4106 is formed. Fig. 41b: 
balanced state. However, when the load current increases and the tapered roller 3901 tries to move to the left in the 
figure the planet gear 3902 is pushed upward as shown in Fig. 41c and the contact plane expands considerably like 
40 4107 in Fig 41c Then, the spot on the arrow indicating the contact plane in the figure causes the multiplying factor of 
the gear train to decrease, thus instantly causing the spiral spring to turn to the release side. When the load current 
decreases slightly from the balanced state on the other hand, the tapered roller 3901 tries to move to Ihe right in the 
figure At this time, the planet gear 3902 and the tapered roller 3901 come to contact with a pressure of the aforemen- 
tioned tension 4102 minus a retracting speed of the tapered roller and the contact plane becomes smaller [Fig. 41 d]. 
45 However the spot on the arrow indicating the contact plane in the figure which is equivalent to the minimum mult.plying 
factor of the gear train within the contact plane does not change from the balanced state in FIG. 41a. That is, it means 
that it does not turn to the non-release side soon. The multiplying factor of the gear train turns to the non-release side 
for the first time when the planet gear moves down in the figure after that. As described above, this mechanism provides 
the hysteresis as a speed-change by utilizing the contact of elastic materials and the deformation of .ts elasticity due 
so to the change of temporary force applied thereto. While the planet gear has had the two-stage taper to simplify the 
explanation ft is possible to provide a continuous angular change (round) in reality. FIG. 42 is a section view show.ng 
a second AC generator in Part 2 of the fourth embodiment of the present invention. In the figure, wh.le it .s the same 
with the case shown in FIG. 40 described above that the plane where a rotor iron core 4201 and a stator magnet.c 
pole 4202. 4203, 4205,4206 has a certain angle (taper) with the rotor shaft in the tapered port.on 4208, no taper angle 
ss is provided (paralleled) at a flat portion 4207 in the figure. 

As described in the previous example, when the load current increases and the stator moves to the left in the figure 
to cany out the speed-changing function, a gap B4210 between the stator pole and the rotor iron core shown in the 
figure is widened, meaning that the efficiency will drop. When the structure of the present embodiment <not a small flat 


IS 


BIMSDOCID: <EP _0749196A2_I_> 


EP 0 749 196 A2 


portion is provided) is adopted however, a gap A4209 between the stator pole and the rotor iron core does not change 
with respect to the move of the stator, so that the power generating efficiency will not change. The point is what kind 
of dimensional ratio between the flat portion and the tapered portion is appropriate and it is desirable, at least, to take 
the flat portion to be larger than the tapered portion, preferabally by 2 to 4 times. 

s FIG. 43 is a section view showing a third AC generator in Part 2 of the fourth embodiment of the present invention. 

As shown in the figure, an inertia wheel (flywheel) 4301 is attached to the rotor shaft 3106 of the AG generator Even 
if there is a sharp fluctuation of a load, thus increasing l F , the inertia wheel allows power to be generated meanwhile 
because the rotation of the rotor will not sharply drop. That is, it allows to accommodate with such sharp fluctuation of 
a load However, when the speed-changing mechanism adequately operates and tries to increase the rotation of the 

10 rotor on the olher hand, it takes time until the rotation is increased because the mass of the inertia wheel also must 
be turned Accordingly, the existence of the inertia, size and weight thereof may be set approximately by the following 
design guideline: 
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FIG. 44 is a system block diagram showing a power unit 4401 and an electronic equipment 4402 comprising the 

35 same according to Part 3 of the fourth embodiment of the present invention. The power unit 4401 comprises an input 
section 2009, a spiral spring 2003, a gear train mechanism 2004, a speed-changing mechanism 3805, an AC generator 
3804 having a function 3803 for mechanically controlling speed-change, a control circuit 4403 having a function 2011 
for controlling a field current, a V OUT output terminal 2008, and a GND terminal 201 4. The power unit 4401 is connected 
to an electrical load 201 3 via the vout terminal 2008 and comprises the electronic equipment 4402. 

40 FIG. 45 is a circuit diagram showing an AC generator 3804 and its electrical control circuit 4403 in Part 3 of the 

fourth embodiment of the present invention. The control circuit 4403 comprises, in addition to parts described in the 
previous embodiments, a voltage regulating and secondary cell charge/discharge control circuit 4501 having terminals 
EB+ 4502 and EB- 4503 for charging a secondary cell from the outside and the secondary cell 4404. Although the 
secondary cell is drawn within the control circuit 4403 in the figure as if it is included therein and may give an impression 

45 that it contradicts with FIG. 44, it is not a problem because the secondary cell is removable as described before. It may 
be drawn as such for the convenience of the explanation. 

FIG. 46 is a circuit diagram showing the voltage regulating and secondary cell charge/discharge control circuit 
4501 in Part 3 of the fourth embodiment of the present invention. It comprises the SWR circuit 2303 having an l F 
terminal 2301 (as shown in the first embodiment, it is connected between the V OUT 2008 and the rectifier section 2101 

so on the Vdd line when the series regulator is used), a Schottky diode for preventing a reverse current (a MOS transistor 
may be used as described before), a control resistor Rc for trickle charging the secondary cell, a secondary cell 4404 
(a Li ion type secondary cell having less memory effect is preferable when trickle charge is carried out . While one cell 
type system is shown in the figure, the same system structure may be used for two cell type or three cell type system), 
a generator/secondary cell output switching, voltage monitoring and switching circuit 4603 having a function of moni- 

55 toring a voltage V OUT from the generator and a voltage V BAT from the secondary cell and supplying the current l BAT 
4606 from the secondary cell by turning an output switching P-channel MOS transistor 4604 when the load current 
increases and V oux from the generator reduces (when a voltage is applied to the EB+ 4502 and EB- 4503 terminals 
to charge the secondary cell 4404 from the outside, e.g., from an AC/DC adaptor, 5 to 7 V is applied to one Li ion 


> small 

> Heavy 


16 


EP0 749 196 A2 


secondary cell (one cell voltage = 3.6 V) and 1 2 to 18 V or up to 24 V of voltage is applied to two cells {charging current 
Ic 4607 represents a current from the outside in such case), so that it has a function of turning off the output switching 
transistor 4604 in such case), and a secondary cell charge/discharge control circuit 4608 to prevent an overdischarge 
when the load current is supplied from the secondary cell or an overcharge when the secondary cell is charged via the 

5 EB+ 4502 and EB- 4501 terminals from the outside. Otherwise, this can lead to deterioration and destruction of the 
secondary cell.This circuit also controls a plurality of N channel MOS transistors 4609 for driving a charging current 
used when the secondary cell is charged by a voltage from the outside. 

FIG. 47 is a system block diagram showing the secondary cell charge/discharge control circuit 4608 in Part 3 of 
the fourth embodiment of the present invention. It comprises an overcurrent detecting circuit 4701 and an overcharge 

io detecting circuit 4702. They are connected to control terminals of the charging current driving transistors 4609, respec- 
tively via delay circuits 4704, 4705 and 4706 and via OR logic 4708. The reference numeral 4707 denotes a power 
saving circuit. 

FIG 48 is a control flowchart showing operations of the generator/secondary cell output switching, voltage mon- 
itoring and switching circuit 4603 in conjunction with that of the SWR circuit 2103 in Part 3 of the fourth embodiment 
is of the present invention. The SWR circuit 21 03 monitors the voltage V OUT (4802) and when it drops, it increases l F as 
described before in various occasions (4803). Then, it turns the speed^hanging mechanism or speed-regulating mech- 
anism to the side of releasing the spiral spring (4805). When V OUT becomes high, it reduces^ (4804), thereby turning 
the speed-changing mechanism or speed-regulating mechanism to the side not releasing the spiral spring (4806). 
Following to that, the generator/secondary cell output switching, voltage monitoring and switching circuit 4603 also 
20 monitors V OUT (here, this circuit itself is constructed so that it can operate by receiving either^ V OUT or V BAT as its own 
power supply )(4808) and when it is low, it turns on the MOS transistor 4604 (481 0) to supply the load current l BAT 4606 
from the secondary cell to V OUT . When it is high, it determines whether the voltage is what an external voltage is applied 
to the EB+ 4502 and EB- 4503 or not (4807) (its criterion can be 5 V in the case of one Li ion cell and 10 V in the case 
of 2 cells). If the charging voltage is applied from the outside, it turns off the MOS transistor 4604 (4809). Otherwise 
2S (if voltage V OUT is in between 3 to 5 V in the case of one cell), the process returns to START 4801 . 

FIG. 49 is a system block diagram showing a power unit 4901 and an electronic equipment 4902 comprising the 
same according to Part 4 of the fourth embodiment of the present invention. The power unit 4901 comprises an input 
section 2009, a spiral spring 2003, a gear train mechanism 2004, a speed-regulating mechanism 1 51 1 , an AC generator 
2006 having a function 4903 for mechanically controlling the speed-regulating mechanism, a control circuit 4403 having 
30 functions of controlling a field current and of electrically controlling the speed-regulating mechanism, a V OUT output 
terminal 2008, and a GND terminal 2014. The power unit 4901 is connected to an electrical load 2013 via the Vbut 
terminal 2008 and comprises the electronic equipment 4902. Although the mechanical speed-regulating mechanism 
4903 and the electrical speed-regulating function 1512 are described together in the figure for the convenience of the 
explanation, just either one of them needs to be incorporated in reality. 
3S FIG. 50 is a circuit diagram showing a logic of a circuit, within the control circuit 4402, for driving the function 1512 

for electrically controlling the speed-regulating mechanism in Part 4 of the fourth embodiment of the present invention. 
The mechanical structure of the speed-changing mechanism 1 51 1 is identical with that explained in Part 2 of the second 
embodiment of the present invention (FIGs. 16a through 16c). A V F output 2302 of the PWM circuit 2303 within the 
SWR circuit 2103 ol the present embodiment drives an l F drive transistor 2309 and the output V F drives the MOS 
40 transistor 5001 for driving the speed-regulating coil 1608 via an inverter 5002. FIG. 51 is a stenographic view showing 
a structure of the power unit in Part 4 of the fourth embodiment of the present invention. The key 3001 as the kinetic 
energy input means winds up the spiral spring 2003, the input section 2009, via a mechanical connector section (not 
shown because it is identical with that shown in the first embodiment). The gear train mechanism 2004 is connected 
mechanically with the speed-regulating mechanism 1511. When the electrical control 1512 of the speed-regulating 
45 mechanism is to be carried out, it is connected to the control circuit 4403 via the speed-regulating mechanism control 
wiring 1 501 . Here, the AC generator 2006 which has been explained in Part 1 of the fourth embodiment of the present 
invention (typified in FIG. 31) is used. 

FIG. 52 is a stereographic view showing the mechanical speed-regulating mechanism control 4903 in Part 4 of 
the fourth embodiment of the present invention. While the stator has been moved when the load current lo UT increases 
so in the AC generator explained in Part 2 of the fourth embodiment of the present invention, if the move is transmitted 
mechanically to a rod 5202 in the figure, a movable wind mill 5201 moves in the direction where it is folded. Then, 
resistance of wind decreases, thus releasing the spiral spring. 

While the example in which the AC generator is SWR (switching regulator) controlled has been mainly explained 
in the fourth embodiment, it may be also necessary to have the series regulator explained in the first embodiment 
ss together with it and it may be necessary or essential in a system structure to have the function of preventing reverse 
current (Schottky diode, MOS transistor, series regulator, etc.) and a flywheel diode. 

While several embodiments have been explained so far, several examples in which the present invention is applied 
to actual electronic equipments will be shown as image-wise outside views. However, before that, the present invention 
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has several features and applications beside them, so that they will be listed at first. - While power voltage of an 
electronic equipments is becoming low from 12 V system to 5 V system, from 5 V system to 3 V system and from 3 V 
system to 1 .5 V system, the inventive power unit exhibits its effect more in the lower power voltage system because 
the lower the voltage, the smaller the generator can be. Accordingly, it exhibits its power most practically in the 3.5 V 
5 or 1 .5 V system. 

Because the inventive power unit is constructed so as to have various control circuits as described above, it is 
useful for the recent electronic equipments even if they are constructed so as to have multi-system (plural) power 
outputs (e.g., 12 V, 5 V, 3.5 V, 1.5 V). 
10 - Similarly, it is also possible to provide the control circuit with a function (system watchdog, reset function) of resetting 
a microcomputer or the like on the system side by checking a drop of a power voltage (although the lower limit of 
the operating power voltage of the control circuit itself has to be fully lower than a system reset voltage) or is 
possible to provide with an output drawing characteristic (fold-back characteristic) to stop the output when the load 
shorts. 

75 

The discharge characteristic is ideal (regulated to constant voltage) of course. Accordingly, when the inventive 
power unit is used in place of the prior art dry cell, it becomes unnecessary to prepare various circuits (e.g., voltage 
regulator, power on reset, battery low reset, battery low indicator etc.), i.e., a so-called power IC, for manipulating 
power supply on the system side (electronic equipment side). 
20 FIGs. 53 and 54 are sketch drawings showing a state wherein the inventive power unit is applied to a portable 

phone and a PHS. The reference numeral (5301 ) denotes the inventive power unit section. 

It is preferable to have a folding key 3001 shown in FIG. 54 because it will not take a space when it is not used 
and because it will not be lost. 

Especially, the PHS or the like has a fine rush or high surge current (load current) due to packet transmission, it 
25 js desirable to have the secondary cell in the embodiments of the present invention. It is also desirable to construct 
the secondary cell so as to be chargeable from the outside (Part 4 of the fourth embodiment). By doing so, the secondary 
cell will be fully charged soon due to trickle charge by winding up the screw diligently and it becomes possible to operate 
the equipment for a certain period of time by the capacity of the secondary cell even without winding up the screw. 
Further, it can be use in such a manner that even if the secondary cell is empty, winding up the screw allows a talk of 
30 3 minutes for example when it is necessary to make a caii or the winding up is used \o\ a load Current for waiting and 
receiving a call while implementing trickle charge also. 

How about in reality? How often such situations in which a call is always waited and which allows a business to 
be fully done exist? Such situations are considered to happen more in public places such as a public transportation, 
a hall or a restaurant, because in the opposite cases, there is wire phone already on a own desk in office for example. 
35 Then, it may be often the case that a return call is made in a situation which permits a talk. Accordingly, in such case 
of portable phones, it is mainly operated actively by making a call from own side. Because such case requires only a 
quantity of electrical energy required at a necessary time (on-demand energy), the inventive power unit can be said 
as a most suitable device for that. 

Because the situation described above often occurs also in waiting and receiving a phone call, it may be operated 
40 by actively using a caretaking (center) function. That is, it is only checked whether a caretaking record has been input 
or not per one hour or per 1 0 minutes, not always waiting for a call, and when it has been input, it is indicated (by sound 
or display). Then, by hearing that, one can make a return call soon in a situation which permits a talk. By operating as 
such, a power consumption during the waiting time may be reduced considerably, thus allowing the equipment to hold 
on for a considerable period of time just by winding up the spiral spring. In any event, the present invention releases 
45 users of portable electronic equipments totally from an anxiety of dead battery. 

FIG. 55 is a sketch drawing showing a state wherein the inventive power unit is applied to a portable audio equip- 
ment. The reference numeral (5501) denote an earphone and (3001) a folding key. There has been strong needs in 
the portable equipments for recording and reproducing MDs, CDs and cassette tapes, etc. that it is desired to listen 
one more song or three more minutes after its battery has died. The application of the present invention allows to meet 
50 with such demand. While a case when the spiral spring is used is shown in the figure, it may be construct so that the 
user can listen a music while charging the secondary cell by winding up the lever as shown in the first embodiment of 
the present invention. It is of course possible to listen that after charging the secondary cell. It may be constructed also 
so that a ratchet mechanism is provided mechanically in the case of the spiral spring to allow the user to wind up the 
spiral spring additionally while releasing it while listening to the equipment play. 
55 FIG. 56 is a sketch drawing showing a state wherein the inventive power unit is applied to a handy type movie 

camera (camcorder) or an electronic camera (AF camera) 

The reference numeral (5601 ) is the power unit of the present invention. It may be formed to have the same shape 
and the same electrode structure with the prior art secondary battery to be able to use in place of the battery. While 
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the thumbscrew key 3001 may be removable, it may be desirable to be a folding type as described before because, 
thereby, it will not be lost. It eliminates the necessity of bringing with a prior art large and heavy AC-DC charger 5602 

in a travel or a business trip. 

FIG. 57 is a sketch drawing showing a state wherein the inventive power unit is applied to a pocket bell (pager). 

s FIG. 58 is a sketch drawing showing a state wherein the inventive power unit is formed into a shape of a button 

type cell. By forming the inventive power unit 5801 into a shape of a button type cell whose case itself has + pole 5803 
and - pole 5802. il can replace button type cells which have been often used in electronic calculators or the like in the 
past. It is possible to use it repeatedly by winding up the spiral spring. It also eliminates the necessity of running into 
a convenience store to buy a battery due to a sudden death of its battery. Thus a button type cell which is also gentle 

10 to the environment has emerged. It is also beneficial to form it into a shape of the prior art unit-one or unit-three type cell. 

FIGs. 59 and 6Ca through 60c are sketch drawings showing states wherein the inventive power unit is applied to 
an electronic watch FIG 59 shows a state wherein the spiral spring is wound up by using a stem 3001. It is effective 
either in an analog or digital watch. The second embodiment of the present invention is effective for those with a single 
function analogue having a stable load current and it is desirable to apply the third or fourth embodiment of the present 

J5 invention to those having fluctuating load current such as those having buzzer, back light and pocket bell functions. 
FIG. 60a shows the surface ol the watch, FIG. 60b shows the back of the watch and FIG. 60c shows a schematic 
section view thereol In this embodiment, the spiral spring is wound up by using a back lid 6001 Thereby it becomes 
possible to wind up a large spiral spring. It may be also constructed so that it is wound up by using the surface bezel. 
The reference numeral (6002) denotes an outer case (side) and (6003) a glass. 

20 Beside them, there are so many number of examples in which present invention is applied to portable electronic 

equipments such as a tiansceivei and a pacemaker and it is limitless., so that no more such illustration will be shown. 

FIG. 61 is a sketch drawing showing an applied example of an electronic watch of the power unit of Part 4 of the 
fourth embodiment of the present invention. This electronic watch has a function of setting time with the current time 
swiftly, even after its cell has been totally discharged, by receiving a time signal by radio (by FM multiplexed radio, by 

25 radio multiplexed to band of portable phones or by private radio) after activating the inventive power unit by winding 
up the spiral spring. 

FIG. 62 is a system block diagram showing a power source and a hand setting function of an electronic equipment 
having a time indicating function which is an applied example of the power unit of Part 4 of the fourth embodiment of 
the present invention. It comprises an kinetic energy input section 2009, a power unit 6201 of the present invention for 

30 supplying V oux output to a Vdd line, an antenna 6202, a RF receiving circuit 6205, a time signal sampling and sending 
circuit 6204 having a function of detecting the time signal superimposed on radio and sending it to a comparator, the 
comparator circuit 6203 having a function of comparing the time signal with a hand position signal, a hand position 
sensor 6208, a hand position signal sampling and sending circuit 6206 having a function of sampling a signal from the 
hand position sensor and sending it the comparator, a hand driving system (including an electrical circuit and a mech- 

35 anism) 6207 having a function of driving the hands for indicating time, and a hand position correcting signal sending 
circuit 6209 having a function of sampling a signal from the comparator and sending a hand position signal of a hand 
to be corrected. The operation for correcting the position of the hands may be carried out right after when the spiral 
spring is wound up after when the power supply has been completely used up once and the watch has stopped (power 
on reset) as described before. Beside that, it is also possible to set so that it is carried out in every hour or once per 

40 day or when a special switch provided in advance is pressed. It is very useful to provide such a switch for the oase of 
traveling that accompanies a time difference. 

FIG. 63 is a system block diagram showing a power unit 6301 and an electronic equipment 6302 comprising the 
same according to a fifth embodiment of the present invention. The power unit 6301 comprises an input section 2009, 
a spiral spring 2003, a gear train mechanism 2004, a speed-regulating mechanism 1511, an AC generator 2006, a 

45 control circuit 6303 having a function of controlling a field current control function 2011 , an electrical speed-regulation 
control function 1512 and a light/radio transducing section giving trickle charging current l CHG2 to the secondary cell, 
the lighVradio-to-electricity transducing section 6304 having a function of transuding light or radio to electricity, the 
secondary cell 4404, a V OUT output terminal 2008, and a GND terminal 2014 The power unit 6301 is connected to an 
electrical load 201 3 via the Vout terminal 2008 and comprises the electronic equipment 6302. 

50 FIGs. 64a and 64b are circuit diagrams showing a light/radio-electricity transducing section according to the fifth 

embodiment of the present invention. 

Fig. 64a shows one example of a device for transducing light into electricity, wherein photodiodes 6401 are arrayed 
in parallel or in series as necessary. FIG. 64b shows one example of a device for transducing radio {high frequency 
field) into electricity. In the figure, it comprises an antenna 6402 and takes out electricity via a rectifier section (although 
ss not shown, it may be realized by constructing a full-wave rectification bridge by four diodes) by an inductance coupling. 
It is preferable to take the band of a resonance frequency arranged by the inductance coupling to be as wide as possible. 
It is also possible to arrange the coupling by capacitive (C) coupling. The present invention is what always charges 
(trickle charge) sun light, room light and radio of broadcasting and communication equipments which exist around 
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people into the secondary cell and it may be constructed and controlled by the system structure explained in Part 3 of 
the fourth embodiment by making reference to and by adding the structure and control flow of the control circuit. The 
point is that while there is enough light or radio, it should be used in preference to the trickle charge caused when the 
spiral spring is released to charge the secondary cell. Accordingly, there may be a case when the necessity or oppor- 

5 tunity of using the trickle charge by the spiral spring or the rapid charge by the AC/DC adapter is reduced remarkably 
depending on the use condition of the electronic equipment (like when it is often left or stored where there is strong 
light or electric field). However, because it should be used by winding up the spiral spring on-site from the aspect of 
the on-demand energy which is the main point of the present invention in emergency or when the secondary cell is 
depleted, the light/radio-electricity transducing function can also exhibit its effect for the first time when it is used together 

10 with the power unit described in the first through fourth embodiments. 

FIG. 65 is a stereographic view showing a generator (electrostatic generator 6501 ) of a power unit according to a 
sixth embodiment of the present invention. The reference numeral (6502) denotes a rotor. 

FIG. 66 is a section view of a portion, along A- A' in FIG. 65, of the generator of the power unit of the sixth embodiment 
of the present invention. The reference numeral (6601) denotes a field electrode, (6502) a rotor, and (6602) a charge 

is take-out electrode. 

FIG. 67 is a schematic diagram showing a principle of power generation of the power unit of the sixth embodiment 
of the present invention. The reference numeral (6701) denotes a rectifier section, (6702) an output V OUT , (6703) a 
direction into which a dielectric rotor moves, (6704W) a width W of the take-out electrode with respect to the moving 
direction of the rotor, and (6705d) a distance between electrodes. 
20 FIG. 68 is a flowchart for explaining the operation of the generator of the power unit of the sixth embodiment of 

the present invention. 

While examples in which the generators called as the DC generator or AC generator in the present invention are 
used have been explained so far in the present invention, an invention of an electrostatic generator will be disclosed 
in the present embodiment. Because it can be used in the same manner, in terms of its operation, with the AC generator 

2S described above, it can be implemented by replacing with the AC generator in Part 1 and thereafter of the fourth 
embodiment of the present invention and a variation of the structure as the power unit will not be repeatedly described. 
The present embodiment utilizes electrostatic induction. When the field electrode 6601 (it is named as such because 
it can function similarly to the field current of the AC generator of the present invention) which is a charged electrode 
gives a certain (+ or -) charge to the rotor 6502 made of a dielectric material, a different kind of charge is induced on 

30 the other side of the dielectric material. When the polarity ot the charge applied by the fieid eiecirode is changed 
alternately ((1) through (4) in FIG. 67) while moving (turning in reality) the rotor, AC-like charge may be taken out as 
a current from the take-out electrode. It is then rectified to DC and is taken out as V OUT . 

At this time, the following expression holds: 
When F is an electrostatic force applied to the dielectric rotor, 

35 

F = (e 0 WV 2 /2d)x(k-1) 

where, e 0 is a dielectric constant of air, e i is a dielectric constant of the dielectric rotor, W is a width of an electrode 
40 plate V is an applied voltage, d is a distance between the field electrode and the takeout electrode, and k is e i/eQ. 
When a mass of the dielectric rotor is m and the rotor is moving with a velocity v, it follows; 

F = mv 2 /2 

45 

When it is solved with respect to the voltage V, it follows: 


v _ f dm 

When a capacitance formed between each electrode is represented as C, a generated current i may be expressed as 
follows: 

I dm 
dt ~ at 'dt ^ Q w(k-\) 
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What is shown in FIGs. 65 and 66 is an example thereof constructed so that the circular dielectric roller rotates 
and a plurality of field electrodes and the take-out electrodes are laminated so as to sandwich it. 

FIG. 69 is a system block diagram showing a power unit 6901 according to a seventh embodiment of the present 
invention. It comprises a container 6902 (dam) for storing water as means for storing kinetic energy (potential energy), 
5 a discharging amount regulating function 6903 as means for regulating an amount of water (flow amount, discharging 
amount) used for turning a generator, an artificial water amount regulation control function 6907, means (water turbine) 
6912 for converting the flow of water into a rotary motion, an AC generator 6904 of the present invention, a control 
circuit 6905 having afield current control function 6908 and an electrical water amount regulation control function 6910, 
a DC/AC inverter circuit 6906 for converting from DC to AC, and an AC output 6909. It may comprise a secondary 
10 battery 691 1 indicated by dotted line. It may be constructed to have either one of the mechanical water amount regulation 
control function 6907 and the electrical water flow regulation control function 6910. It becomes possible to construct 
a truly on-demand type power generation facility if the inventive generator and the control mechanism are applied to 
hydraulic power generation in this form. 

FIG. 70 is a system block diagram showing a power unit 7002 according to an eighth embodiment of the present 
is invention. It comprises a water turbine or wind mill 7003 as kinetic energy input means, gear train mechanism 7004, 
speed-changing mechanism as described before or a propeller angle (see propeller pitch 7101 in FIG. 71) changing 
mechanism 7005 as speed-changing means, an AC generator 701 3 having a mechanical speed-changing mechanism 
control function 7009, a control circuit 7006 having a field current control function 701 1 and an electrical speed-changing 
mechanism control function 7010, a secondary battery 7012, a DC/AC inverter circuit 7007, and an AC output 7008. 
20 it may comprise either 7009 or 7010. \ 

FIG. 71 is a stereographic view showing the power unit of the eighth embodiment of the present invention. Part 
7001 to be installed at the top of tower is accommodated in the tower top portion 71 02. It is useful for this embodiment 
to have the function of trickle charging light/radio to the secondary cell in the fifth embodiment of the present invention. 
While the system of the present embodiment may be controlled and operated basically as described in Part 3 of 
25 the fourth embodiment of the present invention, it is preferable to keep a trickle charge charged to the battery variable 
and to control l F , speed-changing ratio and propeller pitch, which allow to generate power at most, with wind at each 
time in each day. Because it is set so that charging current does not exceed the allowable maximum charging current 
of the secondary battery and it must be careful about overcharge and overdischarge, the system structure of Part 3 of 
the fourth embodiment may be a quite good reference. It may be preferable to use a lead battery because the secondary 
30 battery here requires a large capacity. The same applies also to the seventh embodiment. 

FIG. 72 is a graph showing a tendency of a discharge characteristic of the Ni-MH cell lor explaining a power unit 
and an electronic equipment comprising the same according to a ninth embodiment of the present invention. 

A plot line 7201 is obtained when a discharging current is 1 C -A (1 C -A means 1 x rated capacity A of battery). 
A line 7202 is obtained when 2 C -A and a line 7203 when 3 C -A. While it may be natural that there is a difference in 
35 the voltage drop depending on the values of the discharging currents, the difference of the voltage drop is remarkable 
in a domain b as compared to that in a domain A because internal resistance increases along the discharge. The 
present embodiment actively utilizes this tendency. 

FIG. 73 is a graph showing a tendency of the discharge characteristic of the Ni-MH cell for explaining the power 
unit and the electronic equipment comprising the same according to the ninth embodiment of the present invention. 
40 Using a Ni-MH rated 600 mA, one cell 1 .2 gum type battery, a plot 7301 is obtained when the discharging current 

is 54 mA and a plot 7302 is obtained when the discharging current is 60 mA. These current values are supposed for 
one portable type cassette tape player (hereinafter referred to as an earphone stereo). An average power consumption 
during normal play was supposed to be 60 mA. 

FIG. 74 is a system block diagram showing the power unit 7401 and the electronic equipment 7402 comprising 
45 the same according to the ninth embodiment of the present invention. The power unit 7401 comprises, in addition to 
those parts explained from the second embodiment to the sixth embodiment (Part 3 of the fourth embodiment or the 
like may be effective sometimes in the present embodiment), a power generation check output terminal Vgen 7411 as 
means for informing whether power is being generated by the spiral spring. The signal ol the Vgen has a Schottky 
diode 7403 for preventing reverse current on the way in series. 
so it is constructed so as to be connected, via a signal line 7405, to a Vserv> 7404 terminal of a power voltage monitoring 

system reset circuit having a function of monitoring a power voltage and resetting a microcomputer {system) to prevent 
overrun of the microcomputer 7408 or the like when the voltage becomes lower than a certain set value. 

When a certain set voltage value monitored so far by a Vse^ of the power voltage monitoring system reset circuit 
7404 is assumed as reset voltage 1, it sets another reset voltage value (as Vdd line 7410) when a voltage near Vdd 
ss (active Hi) comes to the Vsen 2 (Vsen 2 terminal is not monitoring a voltage to be reset here. When Hi comes, it changes 
a set value by which a reset signal should be sent, while the Vse^ monitors Vdd). The reference numeral 7407 denotes 
a reset terminal of the microcomputer (it may be reset by active Lo). The reference numeral (7412) denotes various 
electrical loads on the system side. 


21 


BNSOCCID: <EP 07491 96A2_I_> 


EP 0 749 196 A2 


FIG. 75 is a graph showing an enlarged portion of the graph showing the concrete discharge characteristic of the 
Ni-MH cell for explaining the power unit and the electronic equipment comprising the same of the ninth embodiment 
of the present invention. It is a partially enlarged view of FIG. 73. A broken line 7501 in the figure represents that of 
54 mA of discharging current and a broken line 7502 represents that of 60 mA of discharging current. 

s When only the secondary cell is used and the earphone stereo is playing normally with 60 mA and when the 

inventive power unit starts to generate 6 mA of power after when the battery voltage drops to 1 .0 V of system reset 
voltage and the equipment stops, the load of the secondary cell becomes 54 mA this time, so that the equipment starts 
to operate by switching over the load curve like arrow indicated by a dashed line 7508 in the figure and operates by 
the remaining discharge capacity 7503. Further, when the reset voltage is set at about 1.18V from the beginning (reset 

10 voltage 1 7505) and when the inventive power unit starts to generate power (7509) after the system reset and the 
equipment stops, the remaining capacity will be left as indicated by arrow 7504 in the figure, having close to 100 mAh, 
by changing the reset voltage (reset voltage 2 7506) and by switching over the load curve (solid line 7507). 

When a capacity of the spiral spring is assumed to be that of kinetic energy of seven turns with 1 kgf -cm, then it 
becomes equivalent to i /60 mAh by winding up once (seven turns) and the earphone stereo of the present embodiment 

is operates for about one minute when it has no secondary cell. However it can be operated for about 10 minutes by 
winding up once by taking charge of 6 mA, which is 10 % of 60 mA, as described before. 

It can be continued tor the period ot the remaining capacity of the secondary cell (close to 100 mAh in this case) 
[about 100 minutes in total (Fig. 76)]. FIG 76 shows that. 

FIG. 76 is a schematic graph showing the operation of the electronic equipment of the ninth embodiment of the 

20 present invention. 

After truly using up the secondary cell, the player can be played for one minute per one time of winding up. When 
it is not played, the secondary cell may be charged by trickle charge. The secondary cell will be charged by a certain 
degree while winding up several times and then, it can be played in a lump. 

FIG. 78 is a partial stereographic view showing a portable tape player (earphone stereo) which is a portable equip- 
25 ment, i.e. the electronic equipment comprising the power unit of the ninth embodiment of the present invention. Ac- 
cording to the present embodiment, the size of the spiral spring may be reduced to about 20 mmOxSmm in thickness, 
so that it has an effect that it can be readily stored within the equipment. 

FIG. 77 is a flowchart showing the operation of the power unit and the electronic equipment comprising the same 
of the ninth embodiment of the present invention. 
30 While the secondary cell has been explained so far in the present embodiment, it is apparent that the present 

invention is useful similarly even when it is adopted to a system using a non-chargeable cell (manganese cell, silver 
cell, mercury cell, coin cell, button cell, lithium cell, etc.) for emergency until such cell is replaced. 

Because the present invention can convert spiral spring releasing energy into electricity efficiently by constructing 
it so as to have means for converting the releasing energy of the spiral spring into electricity as described above, it 
35 has the following effects: 

1) it allows the equipment to be used on-site (very convenient in disaster); 

2) it can charge immediately without requiring a charger; 

3) it causes no safety problem; 
40 4) it causes no disposal problem; 

5) it costs less as compared to throwaway items such as a dry cell; 

6) it may be used also as a multi-system power supply; and 

7) it allows to obtain an equipment having an ideal discharge characteristic. 

45 The aforegoing description has been given by way of example only and it will be appreciated by a person skilled 

in the art that modifications can be made without departing from the scope of the present invention. 


Claims 

so 

1. A power unit, characterised by comprising: 

an input mechanism (103) for inputting kinetic energy as a rotary motion; 

a speed-increasing mechanism (106) in succession to said input mechanism, for increasing a speed of the 
55 rotation; 

a generator (1 04) in succession to said speed-increasing mechanism, for converting the rotation whose speed 
has been increased into electricity; 

a control circuit (105), in succession to said generator, for controlling said generated electricity; 
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a secondary cell (110) repeatedly chargeable and dischargeable, in succession to said control circuit; and 
a positive electrode output terminal (Vdd 109) and a ground electrode terminal (GND 112) in succession to 
said control circuit; 

a speed-increasing tactor in said speed-increasing mechanism being set at a value from -50 to 100 times of 
s said input rotation: 

the electricity generated by said generator being a direct current; 

said control circuit having a series rectifier element (301) whose anode terminal is connected with an output 
ol said generator and whose cathode terminal is connected with said Vdd terminal in series between said 
generator said Vdd output terminal and a parallel rectifier element (302) whose cathode terminal is con- 
10 . ncrtcd between said generator and said series rectifier element and whose anode terminal is connected to 

Sn d GND terminal 

the posit ve electrode of said secondary cell being connected with the cathode terminal of said series rectifier 
cicmcn! -ma the negative electrode of said secondary cell being connected with the GND terminal. 

75 2. The pewer um! according to Claim 1 . wherein a reverse withstand voltage of said parallel rectifier element is 1.8 
♦ 0 1 5 V j 

3. The power unit according to Claim 1 or Claim 2, wherein at least one of said series rectifier element and said 
parallel clement is composed ol a MOS transistor. 

20 \ 

4. The pewot unit nccoiUmg to any preceding Claim, wherein said series rectifier element has a constant-voltage 
outputt.ng mccrvmtsm comprising a reference voltage section, an error amplifying circuit (402), an output voltage 
feedback resistor < -06) a MOS transistor (403) in which a transistor substrate (410) is floating and a GND terminal. 

25 5. A power unit characterised by comprising: 

an input mechanism (806) for inputting kinetic energy as a rotary motion; 

a storing mechanism (803). in succession to said input mechanism, for storing the kinetic energy; 
a speed-increasing mechanism (804), in succession to said storing mechanism, for increasing a speed of the 
30 rotation released out of said storing mechanism; 

• a speed-regulating mechanism (810), in succession to said speed-increasing mechanism, for braking the ro- 
tation to regulate a speed of the rotation; 

a generator (608). in succession to said speed-increasing mechanism, for converting the rotation whose speed 
has been increased into electricity; 
35 a control circuit (805), in succession to said generator, for controlling said generated electricity; and 

a positive electrode output terminal (Vdd 809) and a ground electrode terminal <GND 812) in succession to 
said control circuit; 

said generator being constructed as to generate the electricity by having field magnetons (1101,1105) mag- 
netised into a plurality of poles, which rotate and move on both sides of an armature comprising wire layered 
40 coil elements (1104) formed on a semiconductor substrate (1103)via an insulating film. 

6. The power unit according to Claim 5, wherein said control circuit has a function of electrically controlling said 
speed-regulating mechanism corresponding to a voltage of said output Vdd terminal. 

45 7. a power unit, characterised by comprising: 

an input mechanism (1809) for inputting kinetic energy as a rotary motion, 

a storing mechanism (1803), in succession to said input mechanism, for storing the kinetic energy; 
a speed-increasing mechanism (1804), in succession to said storing mechanism, for increasing a speed of 
so the rotation released out of said storing mechanism; 

a speed-changing mechanism (1805), in succession to said speed-increasing mechanism, for changing a 
speed multiplying factor; 

a generator (1306), in succession to said speed-increasing mechanism, for converting the rotation whoso 
speed has been changed into electricity; 
55 a control circuit (1807), in succession to said generator, for controlling said generated electricity; and 

a positive electrode output terminal (Vdd 1808) and a ground electrode terminal (GND 1802) in succession to 
said control circuit; 

said control circuit being constructed so as to have a function of electrically controlling said speed^changing 
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mechanism corresponding to a voltage of said output Vdd terminal. 

8. A power unit, characterised by comprising: 

an input mechanism (2009) for inputting kinetic energy as a rotary motion; 

a storing mechanism (2003), in succession to said input mechanism, tor storing the kinetic energy; 

a speed-increasing mechanism (2004), in succession to said storing mechanism, for increasing a speed of 

the rotation released out of said storing mechanism; 

a speed-changing mechanism (2005), in succession to said speed-increasing mechanism, for changing a 
speed multiplying factor; 

a generator (2006), in succession to said speed-increasing mechanism, for converting the rotation whose 
speed has been changed into electricity; 

a control circuit (2007), in succession to said generator, for controlling said generated electricity; and 

a positive electrode output terminal (Vdd 2008) and a ground electrode terminal (GND 2014) in succession to 

said control circuit; 

said generator being constructed so as to generate the electricity by having field magnetons (21 06) which are 
magnetised when a field current flows through them and an armature comprising at least three coils (2105) 
connected in Y connection and by rotating and moving said field magnetons relative to said armature: 
said control circuit being constructed so as to have a lunction of controlling said field current corresponding 
to a voltage of said output terminal Vdd. 

9. The power unit according to Claim 8, wherein said generator has a function of controlling said speed-changing 
mechanism corresponding to said field current. 

10. The power unit according to Claim 6, wherein said control circuit has a function of electrically controlling said 
speed-changing mechanism corresponding to a voltage of said output Vdd terminal. 

11. A power unit characterised by comprising: 

an input mechanism (1508) for inputting kinetic energy as a rotary motion; 

a storing mechanism (1503), in succession to said input mechanism, for storing the kinetic energy; 

a speed-increasing mechanism (1504), in succession to said storing mechanism, for increasing a speed of 

the rotation released out of said storing mechanism; 

a speed-regulating mechanism (1511), in succession to said speed-increasing mechanism, for braking the 
rotation to regulate the speed of the rotation; 

a generator (1505), in succession to said speed-increasing mechanism, for converting the rotation whose 
speed has been changed into electricity; 

a control circuit (1506), in succession to said generator, for controlling said generated electricity; and 

a positive electrode output terminal (Vdd 1507) and a ground electrode terminal (GND 1 51 3) in succession to 

said control circuit; 

said generator being constructed so as to generate the electricity by having field magnetons (21 06) which are 
excited when a field current flows through them and an armature comprising at least three coils (2105) con- 
nected in Y connection and by rotating and moving said field magnetons relative to said armature; 
said control circuit being constructed so as to have a function of controlling said field current corresponding 
to a voltage of said output terminal Vdd. 

12. The power unit according to Claim 11, wherein said generator has a function of controlling said speed-regulating 
mechanism corresponding to said field current. 

13. The power unit according to Claim 11, wherein said control circuit has a function of electrically controlling said 
speed-regulating mechanism corresponding to a voltage of said output Vdd terminal. 

14. The power unit according to any one of claims 5 to 1 3, further comprising a secondary cell repeatedly chargeable/ 
dischargeable in succession to said control circuit. 

15. An electronic watch, comprising: 

a power unit described in any one of Claims 5 to 14; 
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an antenna (6202); 

a radio receiving circuit (6205); 

hand type time indicating mechanism; 

a mechanism (6208) for detecting positions of said hands: and 
5 a mechanism (6207) for correcting the positions of said hands corresponding to a time signal from the radio 

after an electrical output is output from said Vdd output terminal. 

16. The power unit according to Claim 14, and further comprising: 

10 a light receiving section or a radio receiving section; and 

a light or radio-to-electricity transducer (6304) for transducing light or radio into electricity; 

said control circuit having a function of controlling said light/radio-to-electricity transducer and a function of 

charging said transduced electricity to said secondary cell. 

is 17. The power unit according to any one of Claims 8 to 14, wherein said control circuit has a device for rectifying the 
generated electricity and a rectifying element composing said rectifier device is a MOS ttansistor. 

18. The power unit according to any one of Claims 8 to 1 4, wherein said field current control is pulse width modulation. 

20 19. The power unit according to any one of Claims 8 to 14, wherein said field current control is frequency modulation. 

20. The power unit according to Claim 9 or Claim 12, wherein the plane where said field magneton faces to said 
armature has an angle from 15° to 45°. 

2S 21- The power unit according to Claim 9 or Claim 12, wherein said speed-changing mechanism or said speed-regu- 
lating mechanism has a hysteresis in the speed increasing/decreasing operation. 

22. The power unit according to any one of Claims 5 to 14, wherein said field magneton has a flywheel (4301 ) which 
turns coaxial ly with said rotor shaft. 

30 

23. The power unit according to any one of Claims 7, 8, 9, 1 4 or 1 6, wherein said control circuit has a switching function 
for outputting power output from said secondary cell to said Vdd output terminal corresponding to a voltage ol said 
Vdd output terminal. 

35 24. The power unit according to any one of Claims 7, 8, 9, 14 or 16, wherein said control circuit controls said speed- 
changing mechanism or said speed-regulating mechanism by having a hysteresis in increasing/decreasing the 
speed and controls said hysteresis to be varied corresponding to a voltage of said secondary cell. 

25. A power unit, characterised by comprising: 
an input mechanism (2009) for inputting kinetic energy as a rotary motion; 

a speed-increasing mechanism (2004), in succession to said input mechanism, for increasing a speed of the 
rotation; 

a generator (2006), in succession to said speed-increasing mechanism, for converting the rotation whose 
speed has been increased/decreased into electricity; 

a control circuit (6303), in succession to said generator, for controlling said generated electricity; and 
a positive electrode output terminal (Vdd 2008) and a ground electrode terminal (<3ND 2014) in succession to 
said control circuit; 

said generator being constructed so as to generate the electricity by having a charged electrode (6601) for 
applying charges, a take-out electrode (6602) for taking out the charge and a dielectric rotor (6502) between 
said charged electrode and said take-out electrode and by rotating said rotor with said rotation whose speed 
has been increased. 

26. A power unit, characterised by comprising: 

55 

a dam (6902) as means for storing potential energy; 

a' water amount regulating mechanism (6903) for regulating an amount of water to be discharged from said 
dam; 
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a water turbine (691 2) for converting the flow of said discharged water into a rotary motion; 
a generator (6904), in succession to said water turbine, for converting said rotation into electricity; 
a control circuit (6905), in succession to said generator, for controlling said generated electricity; 
a DC /AC inverter (6906), in succession to said control circuit, for converting said generated electricity into an 
5 AC current having a constant frequency; and 

at least two poles of AC output terminal in succession to said DC/AC inverter; 

said generator being constructed as to generate the electricity by having field magnetons (2106) which are 
excited when a field current flows through them and an armature comprising at least three coils (2105) con- 
nected in Y connection and by rotating and moving said field magnetons relative to said armature; 
10 sh d con:rol circuit having a function ol controlling said field current corresponding to a voltage of said AC 

ou'.put terminal 

d power jnn having at least either one of a function of electrically controlling said water amount regulating 
mech-in.sm co-responding to the voltage of said AC output terminal by said control circuit or of a function of 
coniroihrg shic water amount regulating mechanism corresponding to said field current by said generator. 


75 


27. A power unit crvtrrtCtensed by comprising: 


an rnput mechanism (2009) for inputting kinetic energy as a rotary motion; 

a speed-increasing mechanism (2004), in succession to said input mechanism, for increasing a speed of the 
20 rota Hon 

a bpeed-chnngmu mechanism (2005), in succession to said speed-increasing mechanism, for changing a 
speed multioiymg factor 

h generator (2D06). m succession to said speed-increasing mechanism, for converting the rotation whose 
speed hcjs been changed into electricity; 
2S a control circur. (2007). in succession to said generator, for controlling said generated electricity; 

a DC/AC mvortor .6906). in succession to said control circuit, for converting said generated electricity into AC 
current having a constant frequency; 

a secondary cell repeatedly chargeable and dischargeable, in succession to said control circuit; and 
at least two poles of AC output terminals in succession to said DC/AC inverter; 

30 said generator being constructed so as to generate the electricity by having fieid magnetons (2106) which are 

. excited when a field current flows through them and an armature comprising at least three coils (2105) con- 
nected in Y connection and by rotating and moving said field magnetons relative to said armature; 
said power unit having at least either one of a function of electrically controlling said speed-changing mech- 
anism corresponding to the voltage of said AC output terminal by said control circuit or of a function of con- 

35 trolling said speed-changing mechanism corresponding to said field current by said generator. 

28. An electronic equipment comprising the power unit, as claimed in any one of Claims 1 to 24, having an electrical 
load at said Vdd output terminal and comprising said electronic equipment. 

40 29. An electronic equipment comprising the power unit, as claimed in any one of Claim 1 to 24, having an electrical 
load at said Vdd output terminal and comprising said electronic equipment having a time indicating function. 

30. The electronic equipment according to claim 29, wherein an input section has a mechanism for inputting kinetic 
energy by rotating a peripheral portion (6001 ) of a time indicating section. 


45 


31. An electronic equipment comprising the powerunit, as claimed in any one of Claims 1, 4 or 14, which is connected 
to a system reset circuit (7404) having: 

an electrical load at said Vdd output terminal; and 
so a first rectifier element in series with said generator and said electrical load; 

an anode terminal of said rectifier element being connected to the output from a Vgen output terminal simul- 
taneously and monitoring a power voltage via a second rectifier element, entering to an anode terminal and 
going out of a cathode terminal, to stop said electronic equipment when the voltage becomes lower than a 
predetermined reset voltage; 

55 and having a function of changing a set value of a reset vottage corresponding to a voltage of a Vgen output 

terminal. 

32. An electronic equipment comprising the power unit, as claimed in any one of Claims 5, 6, 8, 9, 10 or 11 , which is 
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connected to a system reset circuit having: 

a cell incorporated in a control circuit so as to be removable; 
an electrical load at said Vdd output terminal; and 

a first rectifier element in series with said generator and said electrical load; 

an anode terminal of said rectifier element being connected to the output from a Vgen output terminal simul- 
taneously and monitoring a power voltage via a second rectifier element, entering to an anode terminal and 
going out of a cathode terminal, to stop said electronic equipment when the voltage becomes lower than a 
predetermined reset voltage; 

and having a function of changing a set value of a reset voltage corresponding to a voltage of a Vgen output 
terminal. 

33. The power unit according to nay one of claims 5 to 14 wherein said storing mechanism comprises a spiral spring. 
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